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TITLE OF TEE BSrVENTION 
3-AMINO-4-PHENYLBtJTANOIC ACID DERIVATIVES AS DIPEPTID YL PEPTIDASE 
INHIBrrORS FOR THE TREATMENT OR PREVENTION OF DIABETES 

5 BACKGROUND OF THE INVENTION 

Diabetes refers to a disease process derived from multiple causative factors and 
characterized by elevated levels of plasma glucose or hyperglycemia in the fasting state or after 
administration of glucose during an oral glucose tolerance test. Persistent or uncontrolled 
hyperglycemia is associated with increased and premature morbidity and mortality. Often 

10 abnormal glucose homeostasis is associated both directly and indirectly with alterations of the 
Kpid, lipoprotein and apolipoprotein metabolism and other metabolic and hemodynamic disease. 
Therefore patients with Type 2 diabetes mellitus are at especially increased risk of macrovascular 
and microvascular complications, including coronary heart disease, stroke, peripheral vascular 
disease, hypertension, nephropathy, neuropathy, and retinopathy. Therefore, therapeutical 

15 control of glucose homeostasis, lipid metabolism and hypertension are critically important in the 
clinical management and treatment of diabetes mellitus. 

There are two generally recognized forms of diabetes. In type 1 diabetes, or 
insulin-dependent diabetes mellitus (IDDM), patients produce little or no insulin, the hormone 
which regulates glucose utilization. In type 2 diabetes, or noninsulin dependent diabetes mellitus 

20 (KDDDM), patients often have plasma insulin levels that are the same or even elevated compared 
to nondiabetic subjects; however, these patients have developed a resistance to the insulin 
stimulating effect on glucose and lipid metabolism in the main insulin-sensitive tissues, which 
are muscle, liver and adipose tissues, and the plasnia insulin levels, while elevated, are 
insufficient to overcome the pronounced insulin resistance. 

25 Insulin resistance is not primarily due to a diminished number of insulin receptors 

but to a post-insulin receptor binding defect that is not yet understood. This resistance to insulin 
responsiveness results in insufficient insuhn activation of glucose uptake, oxidation and storage 
in muscle and inadequate insulin repression of lipolysis in adipose tissue and of glucose 
production and secretion in the liver. 

30 The available treatments for type 2 diabetes, which have not changed substantially 

in many years, have recognized limitations. While physical exercise and reductions in dietary 
intake of calories will dramatically improve the diabetic condition, compliance with this 
treatment is very poor because of well-entrenched sedentary lifestyles and excess food 
consumption, especially of foods containing high amounts of saturated fat. Increasing the plasma 
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30 



level Of msulin by adnnnistnttion of sulfonylmeas (e.g. tolbutamide and glipizide) or megUtinide 
which stimulate the pancreatic P-ceUs to secrete more insulin, and/or by injection of insulin 
when sulfonylureas or meglitinide become ineffective, can result in insuUn concentrations high 
enough to stimulate the very insulin-resistant tissues. However, dangerously low levels of 
5 plasma glucose can result from administration of insulin or insuHn secretagogues (sulfonylureas 
or meglitnide), and an increased level of insulin resistance due to the even higher plasma insulin 
levels can occur. The biguanides increase insuUn sensitivity resulting in some correction of 
hyperglycemia. However, the two biguanides, phenfoimin and metfonnin, can induce lactic 
acidosis and nausea/diarrhea. Metfonnin has fewer side effects than phenformin and is often 
10 prescribed for the treatment of Type 2 diabetes. 

The gUtazones (i.e. 5-benzylthia2olidine-2,4-diones) are a more recently described 
class of compounds with potential for ameliorating many symptoms of type 2 diabetes These 
agents substantially increase insulin sensitivity in muscle, liver and adipose tissue in several 
ammal models of type 2 diabetes resulting in partial or complete correction of the elevated 
plasma levels of glucose without occmience of hypoglycemia. The ghtazones that are cuitently 
marketed are agonists of the peroxisome proliferator activated receptor (PPAR), primarily tiie 
PPAR-gamma subtype. PPAR-gamma agonism is generally beHeved to be responsible for tiie 
miproved insuHn sensititization that is observed with the glitazones. Newer PPAR agonists that 
are bemg tested for ti^eatinent of Type H diabetes are agonists of the alpha, gamma or delta 
subtype, or a combination of these, and in many cases ate chemically different from the 
ghtazones (i.e., they are not thiazolidinediones). Serious side effects (e.g. Uver toxicity) have 
occurred with some of the gUtazones, such as tiroglitazone. 

Additional methods of treating tiie disease are still under investigation New 
biochemical approaches tiiat have been lecentiy introduced or are still under development 
include treatinent with alpha-glucosidase inhibitors (e.g. acarbose) and protein tyrosine 
phosphatase-lB (PTP-IB) inhibitors. 

Compounds that are inhibitors of the dipeptidyl peptidase-IV ("DP-IV" or "DPP 
IV") enzyme are also under investigation as drugs that may be useful in the treatment of diabetes 
and particularly type 2 diabetes. Seeforexample WO 97/40832, WO 98/19998 US Patent No' 
5.939,560, Bioorg. Med. Chem Tm ..6: 1163-1166 (1996); and Bioore. Med, rh.n, T.^ ^. 
2745-2748 (1996). The usefuhiess of DP-IV inhibitors in the tieatinent of type 2 diabetes is 
based on the fact that DP-IV in vivo readily inactivates glucagon like peptide-1 (GLP-1) and 
gastric inhibitory peptide (GIP). GLP-l and GIP are incretins and are produced when food is 
consumed. The incretins stimulate production of insulin. Inhibition of DP-IV leads to decreased 
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inactivation of the incretins, and this in turn results in increased effectiveness of the incietins in 
stimulating production of insulin by the pancreas. DP-IV inhibition therefore results in an 
increased level of serum insulin. Advantageously, since the incretins are produced by the body 
only when food is consumed, DP-IV inhibition is not expected to increase the level of insuUn at 
5 inappropriate times, such as betweeai meals, which can lead to excessively low blood sugar 

(hypoglycemia). Inhibition of DP-IV is therefore expected to increase insulin without increasing 
the risk of hypoglycemia, which is a dangerous side effect associated with the use of insulin 
secretagogues. 

DP-IV inhibitors also have other therapeutic utilities, as discussed herein. DP-IV 
10 inhibitors have not been studied extensively to date, especially for utilities other than diabetes. 
New compounds are needed so that improved DP-IV inhibitors can be found for the treatment of 
diabetes and potentially other diseases and conditions. 

SUMMARY OF THE INVENTION 

^ 5 The present invention is directed to 3-amino-4-phenylbutanoic acid derivatives 

which are inhibitors of the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are 
useful in the treatment or prevention of diseases in which the dipeptidyl peptidase-IV enzyme is 
involved, such as diabetes and particularly type 2 diabetes. The invention is also directed to 
pharmaceutical compositions comprising tiiese compounds and tiie use of these compounds and 

20 compositions in the prevention or ti^atment of such diseases in which the dipeptidyl peptidase- 
IV enzyme is involved. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to 3-amino-4-phenylbutanoic acid derivatives useful 
25 as inhibitors of dipeptidyl peptidase-IV. Compounds of tiie present invention are described by 
structural formula I: 

NHa O R8 

p12 /^d13\ , 
" R10 R Ri 

(I) 

or a pharmaceutically acceptable salt thereof; wherein 
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each n is independently 0, 1, or 2; 
XisNorCR2; 

At is phenyl substituted with one to five R3 substituMits; 

5 

Rl and r2 are each ind^ndently selected from the group consisting of 
hydrogen, 
halogen, 
hydroxy, 
10 cyano, 

Cl-lO alkyl, wherein alkyl is unsubstituted or substituted with one to five substituents 

independently selected fix>m halogen or hydroxy, 
Ci-io alkoxy, wherein alkoxy is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
15 Ci-io alkylthio, wherein alkylthio is unsubstituted or substituted with one to five 

substituents independently selected firom halogen or hydroxy, 
C2-10 alkenyl, wherein alkenyl is unsubstituted or substituted with one to five 

substituents independently selected fix>m halogen or hydroxy 
(CH2)nCOOH, 

20 (CH2)nCOOCi.6 alkyl, 

(CH2)nCONR4R5, wherein r4 and R5 are independently selected ftom the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl, (CH2)n-C3-6 
cycloalkyl, and Ci^ alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 

2^ substituted with one to five substituents independently selected from halogen, 

hydroxy, Ci.6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or R4 and R5 together with the nitrogen atom to which they are attached form a 
heterocyclic ring selected from azetidine, pyrrolidine, piperidine, piperazine, and 
^® morpholine wherein said heterocycUc ring is unsubstituted or substituted with one 

to five substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci_6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 

to five halogens; 
(CH2)n-NR4R5, 
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(CH2)n-OCONR4R5, 

(CH2)n-S02NR4R5. 

(CH2)n-S02R6, 

(CH2)n-NR7S02R6, 

(CH2)n-NR7CONR4R5, 

(CH2)n-NR7C0R7, 

(CH2)n-NR7C02R6, 
(CH2)n-COR6, 

(CH2)n-C3.6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, 

(CH2)n-aiyl, wherein aryl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, cyano, hydroxy, 1SIR7s02R6, SO2R6, 
CO2H, Ci-6 alkyloxycarbonyl, C1.6 alkyl, and 

Ci-e alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, 

(CH2)n-heteroaryl, wherein heteroaiyl is unsubstituted or substituted with one to three 
substituents independently selected fix>m hydroxy, halogen, C1.6 alkyl, and Ci_6 

alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted witih one to five 
halo^as, and 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected fix>m 0x0, hydroxy, halogen, C1.6 alkyl, 
and C1.6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

wherein any methylene (CH2) carbon atom in Rl or r2 is unsubstituted or substituted 
with one to two groups independently selected from halogen, hydroxy, and C1-4 alkyl 
unsubstituted or substituted with one to five halogens; 

each R3 is independently selected firom the group consisting of 
hydrogen, 
halogen, 
cyano, 
hydroxy. 
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Ci_6 alkyl, unsubstituted or substituted with one to five halogens, and 
Ci-6 alkoxy, unsubstituted or substituted with one to five halogens; 

R6 is independendy selected from the group consisting of tetrazolyl, thiazolyl. (CH2)n-phenyl, 
(CH2)n-C3-6 cycloalkyl, and Ci^ alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl ate unsubstituted or substituted with one to 
five substituents independently selected ftom halogen, hydroxy, Ci^ alkyl, and Ci_6 alkoxy. 
wherein alkyl and alkoxy are unsubstituted or substituted with one to five halogens, and wherein 
any methylene (CH2) carbon atom in R6 is unsubstituted or substituted with one to two groups 
independently selected from halogen, hydroxy, C1.4 alkyl, and C1-4 alkoxy, wherein alkyl and 
alkoxy are unsubstituted or substituted with one to five halogens; 

each R7 is hydrogen or R6; 

R8, R9 and RlO are each mdependentiy selected from the group consisting of 
hydrogen, 
cyano, 
carboxy. 

Ci-6 alkyloxycarbonyl, 

Cl-io alkyl. unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, Ci_6 alkoxyj carboxy, 

Ci-6 alkyloxycarbonyl, and phenyl-Ci-3 alkoxy, wherein alkoxy is unsubstituted 
or substituted with one to five halogens, 
(CH2)n-aryI, wherein aryl is unsubstituted or substituted with one to five substituents 
independentiy selected from halogen, hydroxy, Ci-6 alkyl. and Ci^ alkoxy, 
wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, C^e alkyl, and Ci-6 

alkoxy, wherein alkyl and alkoxy are unsubstituted or substihited with one to five 
halogens. 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substitijents independentiy selected fix>m 0x0, hydroxy, halogen. C1.6 alkyl. 
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and Ci.6 alkoxy, wherein alkyl and alkoxy arc unsubstituted or substituted with 
one to five halogens, 

(CH2)n-C3-6 cycloalkyl. wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected firom halogen, hydroxy, Ci.6 alkyl, and 
5 Ci_6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 

to five halogens, and 
(CH2)nCONR4R5, wherem r4 and r5 are independently selected firom the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl. (CH2)n-C3-6 
cycloalkyl, and Ci_6 alkyl. wherein alkyl is unsubstituted or substituted with one 
*° ^^^^ halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci.6 alkyl, and Cue alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or r4 and R5 together with tiie nitrogen atom to which they are attached form a 
heterocycUc ring selected from azetidine, pyrrolidine, piperidine, piperazine, and 
moipholine wherein said heterocycUc ring is unsubstituted or substituted witii one 
to five substitiients independentiy selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens; 

20 wherein any metiiylene (CH2) carbon atom in R8, r9 or RlO is unsubstitiited or 

substituted with one to two groups independently selected from halogen, hydroxy, and 
Ci_4 alkyl unsubstituted or substitiited with one to five halogens; 
with the proviso that when X is N, RlO. Rll, r12 and Rl3 are hydrogeii 
R8orR9is 
25 hydrogen; 

cyano; 

Cl-io alkyl, unsubstituted or substituted witii one to five substituents selected from: 

(1) halogen, 

(2) hydroxy, 

P^^^^yl' optionally substituted witii one to five substituents independentiy 
selected fixjm halogen, hydroxy, C1.6 alkyl, and Ci-6 alkoxy, wherein alkyl and 
alkoxy are optionally substituted witii one to five halogens. 
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(4) naphthyl, optionaUy substituted with one to five substituents independently 
selected from halogen, hydroxy, Ci_6 alkyl, and Ci-6 alkoxy, wherein alkyl and 

alkoxy are optionally substituted with one to five halogens 

(5) C02H. 

(6) C02C1.6 alkyl, 

(7) CONRl 1R12, wherein rH and Rl2 are independenUy selected from the 
group consisting of hydrogen, tetrazolyl, phenyl, C3-6 cycloalkyl and Ci^ alkyl, 
wherein alkyl is optionally substituted with one to six substituents independently 
selected fi:om halogen and phenyl, wherein the phenyl or C3.6 cycloalkyl being 
Rll or Rl2 or the optional phenyl substituent on Ci-6 alkyl are optionally 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci^ alkyl. and Ci-6 alkoxy, said C1.6 alkyl and Ci^ alkoxy being 
optionally substituted with one to five halogens, 

or wherein rH and Rl2 are optionally joined to form a ring selected from 
pyrrolidine, piperidine and morpholine; 

phenyl, which is unsubstituted or substituted with one to five substituents independently 
selected from Ci_6 alkyl, Ci-6 alkoxy, hydroxy, and halogen, wherein alkyl and 
alkoxy are optionally substituted with one to five halogens; 

naphthyl, which is unsubstituted or substituted with one to five substituents 

independently selected fiiom Ci-6 alkyl, C1.6 alkoxy, hydroxy, and halogen, 

wherein alkyl and alkoxy are optionaUy substituted with one to five haloeens- 
CO2H; ^ ' 

Ci-6 alkyloxycarbonyl; 

CONRl lRl2; or 

C3.6 cycloalkyl, which is optionaUy substituted with one to five substituents 

independently selected from halogen, hydroxy, C1.6 alkyl. and Ci_6 alkoxy, 
wherein alkyl and alkoxy are optionaUy substituted with one to five halogens; and 
whenXis CR2and 

R2is 

hydrogen, 
cyano, 

Cl-10 aUcyl, unsubstituted or substituted with one to five halogens. 
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(CH2)n-phenyl, which is unsubstituted or substituted with one to five substituents 

independently selected from halogen, cyano hydroxy, Rl3, ORl3, NHSO2RI3, 
S02R13, CO2H, and Ci^ alkyloxycarbonyl, wherein Rl3 is Ci^ alkyl, 
unsubstituted or substituted with one to five halogens; or 

a 5- or 6-membered heterocycle which may be saturated or unsaturated comprising one to 
four heteroatoms independently selected firom N, S and O, the heterocycle being 
unsubstituted or substituted with one to three substituents independently selected 
from 0x0, hydroxy, halogen, 

Ci^ alkyl, and Ci-g alkoxy, wherein alkyl and alkoxy are optionally substituted 
with one to five halogens; 
then in both cases Rl is not 

(1) hydrogen, 

(2) cyano, 

(3) Ci-10 alkyl, unsubstituted or substituted with one to five halogens, 

(4) (CH2)n-phenyl, which is unsubstituted or substituted with one to five substituents 
independently selected from halogen, cyano hydroxy, Rl3, ORl3, NHSO2RI3, 
SO2RI3, CO2H, and Ci-6 alkyloxycarbonyl, wherein Rl3 is Ci-6 alkyl, 
unsubstituted or substituted with one to five halogens; or 

(5) a 5- or 6-membered heterocycle which may be saturated or unsaturated 
comprising one to four heteroatoms independenfly selected from N, S and O, the 
heterocycle being unsubstituted or substituted with one to three substituents ' 
independently selected from 0x0, hydroxy, halogen, 

Ci-6 alkyl, and Ci_6 alkoxy, wherein alkyl and alkoxy are optionally substituted 
with one to five halogens. 

Rl 1, Rl2 and Rl3 are each independently hydrogen or Ci-6 alkyl. 

In one embodiment of the compounds of the present invention, the carbon atom 
marked with an * has the 7? configuration as depicted in formula la 



wo 2004/058266 



PCT/US2003/040114 



NH2 O R8 

Dl2 7^d13\ , 
" Rio ^ Rl 

(la) 

wherein Ar, X, r1, r8, r9, rIO, rU, r12, and r13 are as defined herein. 

In a second embodiment of the compounds of the present invention, X is N as 
depicted in formula lb: 

NH2 O r8 

R^-lk^ ' 



r12 r^pisA . 

" Rio Rl 



(lb) 

Wherein Ar, r1, r8, r9 rIO, r11^ r12 and r13 are as defined herein. 

In a class of this second embodimrat, the carbon atom marked with an * has the i? 
configuration as depicted in formula Ic: 

NH2 O R8 

J J. 

rs-N^n^ 

d12 /^r13\ , 
" R10 R Rl 

(Ic) 

Wherein Ar, r1, r8, r9, rIO, r11, r12, and r13 are as defined herein. 

In another class of this second embodiment of the compounds of the present 
invention, R9 rIO, rH^ r12, and r13 are hydrogen as depicted in formula Id: 
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NH2 O R8 

I I N 

(Id) 

wherein Ar, r1, and r8 are as defined herein. 

In a subclass of this class, r8 is hydrogen. 

In a third embodiment of the compounds of the present invention, X is CR2 as 
depicted in formula le: 

NH2 O R8 

Di2 r^Ri3\ , 

" Rio R R1 

(le) 

wherein Ar, r1, r2. r8, r9, rIO, r1 1, r12 and r13 are as defined herein. 

In a class of this third embodiment, the carbon atom marked with an * has the 
configuration as depicted in formula If: 

NH2 O r8 




r12 r^Rl3 ■ . 
" Rio R Rl 

(If) 

Wherein Ar, Rl, r2 r8, r9, rIO, r11, r12 and r13 are as defined herein. 

In another class of this third embodiment of the compounds of the present 
invention, r9, rIO, r1 1^ r12, and r13 are hydrogen as depicted in formula Ig: 
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NH2 O R8 



N 

R2 



(ig) 

wherein Ar, r1, R2, and r8 are as defined herein. 

In a subclass of this class, r8 is hydrogen. 

In a fourth embodiment of the compounds of the present invention, 
R3 is selected from the group consisting of hydrogen, fluoro, chloro, bromo, triflu'oromethyl, and 
methyl. In a class of this embodiment, R3 is selected from the group consisting of hydrogen, 
fluoro, and chloro. In a subclass of this class, R3 is hydrogen or fluoro. 

In a fifth embodiment of the conq)ounds of the present invention, r1 is selected 
from the group consisting of: 
hydrogen, 
halogen, 

Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one to five substihients 

independently selected from halogen or hydroxy, 
Ci-6 alkoxy. wherein alkoxy is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
Ci-6 alkylthio, wherein alkylthio is unsubstituted or substituted with one to five 

substituents independently selected from halogen or hydroxy, 
C2-6 alkenyl, wherein alkenyl is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy 
(CH2)nCOOH, 

(CH2)nCOOCi.6 alkyl. 

(CH2)nCONR4R5, wherein R4 and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl. thiazolyl, (CH2)n-phenyl, (CH2)n-C3_6 
cycloalkyl, and Ci_6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected fiom halogen, 
hydroxy, C1.6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or r4 and r5 together with the nitrogen atom to which they are attached fonn a 
heterocycUc ring selected from azetidine, pyrroUdine, piperidine, piperazme, and 
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wo 2004/058266 



PCT/US2003/040114 



morpholine wherein said heterocyclic ring is unsubstituted or substituted with one 
to five substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci^ alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 

to five halogens, 
(CH2)n-NR4R5, 

(CH2)n-NR7cOR7, 

(CH2)n-C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected firom halogen, hydroxy, Ci.6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, and 

(CH2)n-aryl, wherein aryl is unsubstituted or substituted with one to five substituents 

independently selected firom halogen, CN, hydroxy, NR7s02R6, SO2R6, CO2H, 
Ci-6 alkyloxycarbonyl, Ci-6 alkyl, and 

Ci^e alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens; 

wherein any methylene (CH2) carbon atom in Rl or R2 is unsubstituted or substituted 
with one to two groups independently selected fi:om halogen, hydroxy, and C1-4 alkyl 
unsubstituted or substituted with one to five halogens. 

In a class of this embodiment of the compounds of the present invention, Rl is 
selected from the group consisting of 
hydrogen, 
methyl, 
ethyl, 

trifluoromethyl, 

CH2CF3, 

CF2CF3, 

phenyl, 

cyclopropyl, 

fluoro, 

chloro, 

bromo, 

vinyl, 

amino. 
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isopiopylamino, 
acetylamino, 

2,2,2-trifluoroacetylamino, 

ferf-butylaminocaibonyl, 

ethoxycarbonyl, 

carboxy, 

l-hydroxyethyl, 

methoxy, 

isopropoxy, and 

methylthio. 



In a sixth embodiment of the compounds of the present invention, r2 is selected 
from the group consisting of 
hydrogen, 
halogen, 

Ci.6 alkyl, wherein alkyl is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
C2-6 alkenyl, wherein alkenyl is unsubstituted or substituted with one to five substituents 

independently selected fix)m halogen or hydroxy 
(CH2)nCOOH. 

(CH2)nCOOCi.6 alkyl, 

(CH2)nCONR4R5, wherein r4 and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl. (CH2)n-phenyl, (CH2)n-C3_6 
cycloalkyl, and C1.6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl arc unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, C1.6 alkyl, and Cue alkoxy. wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or R4 and R5 together with the nitrogen atom to which they are attached form a 
heterocycHc ring selected firom azetidine, pyrrolidine, piperidine, piperazine, and 
morphoHne wherein said heterocyclic ring is unsubstituted or substituted with one 
to five substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci^ alkoxy. wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens. 
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(CH2)n-NR4R5, 

(CH2)n-NR7C0R7, 

(CH2)n-COR6, 

(CH2)n-C3-6 cycloalkyl, wheiein cycloalkyl is unsubstituted or substituted with one to 
5 three substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 

Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, and 

(CH2)n-aryl» wherein aryl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, cyano, hydroxy, NR7s02R6, SO2R6, 
10 CO2H, Ci-6 alkyloxycarbonyl, Ci-6 alkyl, and 

Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens; 

wherein any methylene (CH2) carbon atom in Rl or R2 is unsubstituted or substituted 
with one to two groups independently selected from halogen, hydroxy, and Ci«4 alkyl 
15 unsubstituted or substituted with one to five halogens. 

In a class of this embodiment of the compounds of the present invention, r2 is 
selected from the group consisting of: 

hydrogen 
20 trifluoromethyl, 

phenyl, 

cyclopropyl, 

carboxy, 

ethoxycarbonyl, 
25 dimethylaminocarbonyl, 

aminocarbonyl, 

morpholin-4-ylcarbonyl , 

f^rf-butylaminocarbonyl, 

cyclopropylcarbonyl, 
30 tetrazol-5-ylaminocarbonyl, and 

2,2,2-trifluoroacetylamino. 

In a seventh embodiment of the compounds of the present invention, R8, r9, and 
RlO are independently selected from the group consisting of: 
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hydrogen, 

Ci^ alkyl, unsubstituted or substituted with one to five substituents independently 

selected from halogen, hydroxy, Ci_6 alkoxy, and phenyl-Ci-3 alkoxy, wherein 
alkoxy is unsubstituted or substituted with one to five halogens, 

(CH2)n-phenyl, wherein phenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and Ci-e 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci-6 alkyl, and Ci.6 

alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci.6 alkyl, 
and Ci.6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substimted with 
one to five halogens, and 

(CH2)n-C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci.6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five 
halogens; 

wherein any methylene (CH2) carbon atom in r8. r9. or RlO is unsubstituted or 
substituted with one to two groups independentiy selected from halogen, hydroxy, and 
Ci-4 alkyl unsubstituted or substituted wifli one to five halogens; 
and RH, R12, and Rl3 are each independentiy hydrogen or metiiyl. 

In a class of this embodiment of tiie compounds of the present invention, R8. r9, 
and RIO are each independentiy selected from tiie group consisting of 
hydrogen, 

Ci-3 alkyl, unsubstituted or substituted with one to tiiree substituents independentiy 

selected from halogen, hydroxy, Ci-6 alkoxy, and phenyl-Ci_3 alkoxy. wherein 
alkoxy is unsubstitiited or substituted witii one to five halogens, 

(CH2)n-phenyl. wherein phenyl is unsubstituted or substituted with one to five 

substituents independentiy selected from halogen, hydroxy. C1.6 alkyl, and Ci_6 
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alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci_6 alkyl, and Ci.6 
alkoxy, wherem alkyl and alkoxy are optionally substituted with one to five 
halogens, and 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci_6 alkyl, 
and Ci.6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to 
five halogens, 

(CH2)n-C3-6 cyclopropyl; 

wherein any methylene (CH2) carbon atom in R8, r9, or RlO is unsubstituted or 

substituted with one to two groups independently selected firom halogen, hydroxy, and 
Ci_4 alkyl unsubstituted or substituted with one to five halogens; 
and Rll, Rl2, and Rl3 are each independently hydrogen or methyl. 

In a subclass of this class, R8, r9, and RlO are each independently selected from 
the group consisting of 

hydrogen, 

CH3, 

CH2CH3, 

CH2-cyclopropyl, 

CHF-cyclopropyl , 

CH(OH)-cyclopropyl, 

CH20CH2Ph, 

CH2(4-F-Ph), 

CH2(4-CF3-Ph), and 

CH2-[l,2,4]triazol-4-yl; 
and Rll, Rl2, and Rl3 are each independently hydrogen or methyl. 

In a fijrther subclass of this class, R9, RlO, r12 and Rl3 are hydrogen. In a 
subclass of this subclass, R8 and Rll are hydrogen. 

Illustrative, but nonlimiting examples, of compounds of the present invention that 
are useful as dipeptidyl peptidase-IV inhibitors are the following: 
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or a pharmaceutically acceptable salt thereof. 

As used herein the following definitions are applicable. 
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"Alkyl", as well as other groups having the prefix "alk", such as alkoxy and 
alkanoyl. means carbon chains which may be linear or branched, and combinations thereof 
unless the carbon chain is defined otherwise. Examples of alkyl groups include methyl ethyl 
isopn>pyl. butyl, ^- and ^t-butyl. pentyl, hexyl. heptyl. octyl, nonyl. and the like. ' 
Where the specified number of carbon atoms permits, e.g.. ftom C3-10. the term alkyl also 
includes cycloalkyl groups, and combinations of linear or branched alkyl chains combined with 
cycloalkyl structures. When no number of carbon atoms is specified. Ci-6 is intended. 

"Cycloalkyl" is a subset of alkyl and means a saturated caibocyclic ring having a 
specified number of carbon atoms. Examples of cycloalkyl include cyclopropyl. cyclobutyl 
cyclopentyl, cyclohexyl. cycloheptyl, cyclooctyl. and the like. A cycloalkyl group generally is 
monocyclic unless stated otherwise. Cycloalkyl groups aie saturated unless otherwise defined 
r«rh.n «t The tenn "alkoxy" refers to straight or branched chain alkoxides of the number of 
carbon atoms specified (e.g., Clio alkoxy), or any number within this range [i.e.. methoxy 
(MeO-). ethoxy. isopropoxy. etc.]. 

The term "alkylthio" refers to straight or branched chain alkylsulfides of the 
number of carbon atoms specified (e.g.. Cmq alkylthio). or any number within this range [i.e 
methylthio (MeS-), ethylthio, isopropylthio, etc.]. 

of carbon ^t^^^ T "f^^'T'''" "^^'^ ^ ^^^g^t or branched alkylamines of the number 
of carbon atoms specified (e.g.. Ci.6 alkylamino). or any number within this range [i.e.. 

methylamino, ethylamino, isopropylamino. t-butylamino, etc.]. 

number of carbon atoms specified (e.g., Ci-6 alkylsulfonyl). or any number within this range 
[i.e.. methylsulfonyl (MeS02-). ethylsulfonyl. isopropylsulfonyl. etc.]. 

The term "alkyloxycarbonyl" refers to straight or branched chain esters of a 
carboxyhc acid derivative of the present invention of the number of carbon atoms specified (e g 
Ci.6 alkyloxycarbonyl), or any number within this range [i.e.. methyloxycarbonyl ^eOCO-). " 
ethyloxycarbonyl, or butyloxycarbonyl]. 

"Aiyl" means a mono- or polycyclic aromatic ring system containing carbon ring 
atoms. The piefeired aryls are monocychc or bicycUc 6-10 membered aromatic ring systems 
Phenyl and naphthyl are preferred aryls. The most preferred aryl is phenyl. 

"Heterocycle" and "heterocyclyl" refer to saturated or unsaturated non-aromatic 
nngs or nng systems containing at least one heteroatom selected from O, S and N further 
including the oxidized forms of sulfiir. namely SO and SO,. Examples of heterocycles include 
tetrahydrofuran (THP), dihydrofiiran. 1.4-dioxane. moiphoUne. 1.4-dithiane. piperazine 
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piperidine, 1,3-dioxolane, imidazolidine, imidazoUne, pynoline, pyiioUdine, tetrahydropyran, 
dihydropyran, oxathiolane, dithiolane, 1,3-dioxane, 1,3-dithiane, oxathiane. thiomorphoUne, md 
the like. 

"Heteroaryl" means an aromatic or partially aromatic hetesrocycle that contains at 
5 least one ring heteroatom selected fix)m O, S and N. Heteroaryls also include heteioaryls fused 
to other kinds of rings, such as aryls, cycloalkyls and heterocycles that are not aromatic. 
Examples of heteroaryl groups include pyirolyl, isoxazolyl, isothiazolyl, pyiazolyl, pyiidinyl, 2- 
oxo-(Ifl)-pyridinyl (2-hydroxy-pyridinyl), oxazolyl, 1,2.4-oxadiazolyl, 1,3,4-oxadiazolyl, 
thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, furyl, triazinyl, thienyl, pyrimidinyl, 

10 pyrazinyl, benzisoxazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, 

dihydrobenzofuranyl, indoUnyl, pyridazinyl, indazolyl, isoindolyl, dihydrobenzothienyl. 
indoUzinyl, cinnolinyl, phthalazinyl, quinazolinyl, naphthyridinyl, carbazolyl, benzodioxolyl, 
quinoxalinyl, purinyl, furazanyl, isobenzylfuranyl, benzimidazolyl, benzofuranyl, benzothienyl, 
quinolyl, indolyl, isoquinolyl, dibenzofuranyl, imidazo[l,2-a]pyridinyl, [1.2,4-triazolo][4,3- 

15 a]pyridinyl, pyrazolo[l,5-a]pyridinyl, [l,2,4-triazolo][1.5-a]pyridinyl, 2-oxo-l,3-benzox^olyl, 
4-oxo-3H-quinazolinyl, 3-oxo-[1.2,4]-triazolo[4,3-a]-2ff-pyridinyl, 5-oxo-[l,2,4]-4H- 
oxadiazolyl. 2-oxo-[l,3,4]-3H-oxadiazolyl, 2-oxo-1.3-dihydro-2ff-imidazolyl, 3-oxo-2,4- 
dihydro-3H-1.2,4-triazolyl, and the like. For heterocyclyl and heteroaryl groups, rings and ring 
systems containing fixim 3-15 atoms are included, foraung 1-3 rings. 

20 "Halogen" refers to fluorine, chlorine, bromine and iodine. Chlorine and fluorine 

are generally preferred. Huorine is most preferred when the halogens are substituted on an alkyl 
or alkoxy group (e.g. CF3O and CF3CH2O). 

The compounds of the present invention may contain one or more asymmetric 
centers and can thus occur as racemates and racemic mixtures, single enantiomers, 
25 diastereomeric mixtures and individual diastereomers. The compounds of the present invention 
have one asymmetric center at the carbon atom marked with an * in formula la. Additional 
asymmetric centers may be present depending upon the nature of the various substituents on the 
molecule. Each such asymmetric center wiU independently produce two optical isomers and it is 
intended that all of the possible optical isomers and diastereomers in mixtures and as pure or 
partiaUy purified compounds are included within the ambit of this invention. The present 
invention is meant to comprehend all such isomeric forms of these compounds. 

Some of the compounds described herein contain olefinic double bonds, and 
unless specified otherwise, are meant to include both E and Z geometric isomers. 
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Some of the compounds described herein may exist as tautomers. which have 
different points of attachment of hydrogen accompanied by one or more double bond shifts. For 
example, a ketone and its enol fonn are keto-enol tautomers. The individual tautomers as weU as 
mixtures thereof are encompassed with compounds of the present invention. 

Formula I shows the structure of the class of compounds without preferred 
stereochemistry. Formula la shows the prefened sterochemistry at the carbon atom to which is 
attached the amino group of the beta amino acid from which these compounds are prepared. 

The independent syntheses of these diastereomers or their chromatographic 
separations may be achieved as known in the art by appropriate modification of the methodology 
disclosed herein. Their absolute stereochemistry may be determined by the x-ray crystallography 
of crystalline products or crystalHne intermediates which are derivatized, if necessary, with a 
reagent containing an asymmetric center of known absolute configuration. 

If desired, racemic mixtures of the compounds may be separated so that the 
individual enantiomers are isolated. The separation can be earned out by methods well known in 
the art, such as the coupling of a racemic mixture of compounds to an enantiomerically pure 
compound to form a diastereomeric mixture, followed by separation of the individual 
diastereomers by standard methods, such as fractional ciystalUzation or chromatography. The 
coupling reaction is often the formation of salts using an enantiomerically pure acid or base. The 
diasteromeric derivatives may then be converted to the pure enantiomers by cleavage of the 
added chiral residue. The racemic mixture of the compounds can also be separated directly by 
chromatographic methods utiUzing chiral stationary phases, which methods are weU known in 
the art. 

Alternatively, any enantiomer of a compound may be obtained by stereoselective 
synthesis using optically pure starting materials or reagents of known configuration by methods 
25 well known in the art. 

It will be understood that, as used herein, references to the compounds of 
structural fonnula I are meant to also include the pharmaceutically acceptable salts, and also salts 
that are not phannaceutically acceptable when they are used as precursors to the ftee compounds 
or their pharmaceutically acceptable salts or in other synthetic manipulations. 

The compounds of the present invention may be administered in the form of a 
phannaceutically acceptable salt. The term "pharmaceutically acceptable salt" refers to salts 
prepared firom pharmaceutically acceptable non-toxic bases or acids including inorganic or 
organic bases and inorganic or organic acids. Salts of basic compounds encompassed within the 
tenn "phaimaceuticaUy acceptable salt" refer to non-toxic salts of the compounds of this 
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invention which are generaUy prepared by reacting the free base with a suitable organic or 
inorganic acid. Representative salts of basic compounds of the present invention include, but are 
not hmited to. the following: acetate, benzenesulfonate. benzoate, bicarbonate, bisulfate 
bitartrate. borate, bromide, camsylate, carbonate, chloride, clavulanate. citrate, dihydrochloiide 
edetate, edisylate, estolate, esylate. fumarate. gluceptate, gluconate, glutamate, 
glycoUylarsanilate, hexykesorcinate. hydrabamine, hydiobromide, hydrochloride, 
hydroxynaphthoate. iodide, isothionate. lactate, lactobionate. laurate, malate, maleate. mandelate 
mesylate, methylbromide, methylnitrate, methylsulfate, mucate. napsylate. nitrate, N- 
methylglucamine ammonium salt, oleate, oxalate, pamoate (embonate), palmitate! pantothenate 
phosphate/diphosphate, polygalacturonate, saUcylate, stearate. sulfate, subacetate, succinate 
tannate, tartrate, teoclate, tosylate. triethiodide and valerate. Furthermore, where the compoimds 
of the mvention carry an acidic moiety, suitable phaimaceutically acceptable salts thereof 
include, but are not hmited to, salts derived from inorganic bases including aluminum, 
ammonium, calcium, copper, ferric, ferrous, Uthium. magnesium, manganic, mangamous 
potassium, sodium, zinc, and the like. Particularly preferred are the ammonium, calcium, 
magnesium, potassium, and sodium salts. Salts derived from pharmaceutically acceptable 
organic non-toxic bases include salts of primary, secondary, and tertiary amines, cyclic amines, 
and basic ion-exchange resins, such as arginine. betaine. caffeine, choline, N,N- 
dibenzylethylenediamine, diethylamine, 2.diethylaminoethanol, 2-dimethylaminoethanol 
ethanolamine. ethylenediamine. N-ethylmoipholine. N-ethylpiperidine. glucamine. glucosamine 
histidine, hydrabamine. isopiopylanodne. lysine, methylglucamine. morpholine. piperazine. 
piperidine, polyamine resins, procaine, purines, theobromine, triethylamine. trimethylamine. 
tripropylamine, tromethamine, and the like. 

Also, in the case of a carboxyUc acid (-COOH) or alcohol group being present in 
the compounds of the present invention, pharmaceutically acceptable esters of carboxyUc acid 
derivatives, such as methyl, ethyl, or pivaloyloxymethyl, or acyl derivatives of alcohols, such as 
acetate or maleate, can be employed. Included are those esters and acyl groups known in the art 
for modifying the solubiUty or hydrolysis characteristics for use as sustained-release or prodrug 
formulations. 

Solvates, and in particular, the hydrates of the compounds of stractural formula I 
are included in the present invention as well. 

Exemplifying the invention is the use of the compounds disclosed in the 
Examples and herein. 
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The subject compounds aie useful in a method of inhibiting the dipeptidyl 
peptidase-IV enzyme in a patient such as a mammal in need of such inhibition comprising the 
admimstration of an effective amount of the compound. The present invention is directed to the 
use of the compounds disclosed herein as inhibitors of dipeptidyl peptidase-IV enzyme activity. 

In addition to primates, such as humans, a variety of other mammals can be 
treated accordingto the method of the presentinvention. For instance, mammals including but 
not hmited to, cows, sheep, goats, horses, dogs. cats, guinea pigs, rats or other bovine, ovine 
equme, camne, feline, rodent or murine species can be treated. However, the method can also be 
practiced m other species, such as avian species (e.g., chickens). 

The present invention is further directed to a method for the manufacture of a 
medicament for inhibiting dipeptidyl peptidase-IV enzyme activity in hmnans and animals 
compnsmg combining a compound of the present invention with a pharmaceutically acceptable 
carrier or diluent 

The subject treated in the present methods is generally a mammal, preferably a 
human being, male or female, in whom inhibition of dipeptidyl peptidase-IV enzyme activity is 
desired. The term "therapeuticaUy effective amount" means the amount of the subject compound 
that wiU eHcit the biological or medical response of a tissue, system, animal or hmnan that is 
bemg sought by the researcher, veterinarian, medical doctor or other cHnician. 

The term "composition" as used herein is intended to encompass a product 
compnsing the specified ingredients in the specified amounts, as well as any product which 
results, directly or indirecUy, ftom combination of the specified mgredients in the specified 
amounts. Such term in relation to pharmaceutical composition, is intended to encompass a 
product comprising the active ingredient(s). and the inert ingredient(s) that make up the carrier 
as well as any product which results, directly or indirecfly. fix>m combination, complexation or' 
aggregation of any two or more of the ingredients, or from dissociation of one or more of the 
ingredients, or from other types of reactions or interactions of one or more of the ingredients 
Accordingly, the pharmaceutical compositions of the present invention encompass any 
composition made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier. By "pharmaceutically acceptable" it is meant the carrier, diluent or excipient 
must be compatible with the other ingredients of the formulation and not deleterious to the 
recipient thereof. 

The terms "administration of and or "administering a" compound should be 
understood to mean providing a compound of the invention or a prodrug of a compound of the 
invention to the individual in need of treatment. 
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The utility of the compounds in accordance with the present invention as 
inhibitors of dipeptidyl peptidase-IV enzyme activity may be demonstrated by methodology 
known in the art. Miibition constants are detennined as foUows. A continuous fluorometiic 
assay is employed with the substrate Gly-Pro-AMC, which is cleaved by DP-IV to release the 
5 fluorescent AMC leaving group. The kinetic parameters that describe this reaction are as 
foUows: Km = 50 mM; kcat = 75 s'^ kcJK^ = 1.5 x 10** M-'s'. A typical reaction contains 
approximately 50 pM enzyme, 50 \iM Gly-Pro-AMC, and buffer (100 mM HEPES, pH 7.5, 0.1 
mg/ml BS A) in a total reaction volume of 100 pj. Liberation of AMC is monitored continuously 
in a 96-well plate fluorometer using an excitation wavelength of 360 nm and an emission 

10 wavelength of 460 nm. Under tiiese conditions, approximately 0.8 [oM AMC is produced in 30 
minutes at 25 degrees C. The enzyme used in these studies was soluble (transmembrane domain 
and cytoplasmic extension excluded) human protein produced in a baculovirus expression system 
(Bac-To-Bac, Gibco BRL). The kinetic constants for hydrolysis of Gly-Pro-AMC and GLP-1 
were found to be in accord with literature values for the native enzyme. To measure tiie 

15 dissociation constants for compounds, solutions of inhibitor in DMSO were added to reactions 
containing enzyme and substiate (final DMSO concentration is 1%). All experiments were 
conducted at room temperatiire using die standard reaction conditions described above. To 
determine the dissociation constants (Ki), reaction rates were fit by non-linear regression to die 
Michaehs-Menton equation for competitive inhibition. The errors in reproducing die 

20 dissociation constants are typically less than two-fold. 

In particular, die compounds of die following examples had activity in inhibiting 
tiie dipeptidyl peptidase-IV enzyme in die aforementioned assays, generally widi an IC50 of less 
than about 1 jiM. Such a result is indicative of die intiinsic activity of die compounds in use as 
inhibitors the dipeptidyl peptidase-IV enzyme activity. 

2^ Dipeptidyl peptidase-IV enzyme (DP-IV) is a cell surface protein diat has been 

implicated in a wide range of biological functions. It has a broad tissue disttibution (intestine, 
kidney, liver, pancreas, placenta, tiiymus, spleen, epithelial cells, vascular endotiielium, 
lymphoid and myeloid cells, serum), and distinct tissue and ceU-type expression levels. DP-IV is 
identical to die T cell activation marker CD26, and it can cleave a number of immunoregulatory, 

30 endocrine, and neurological peptides in vitro. This has suggested a potential role for tiiis 
peptidase in a variety of disease processes in humans or other species. 

Accordingly, the subject compounds are useful in a method for die prevention or 
tieatment of the following diseases, disorders and conditions. 
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Type n Diabetes and Related Disorders : It is weU established that the incretins GLP-l and GIP 
aie rapidly inactivated in vivo by DP-IV. Studies with DP-IV<-'->-deficient mice and preliminary 
cUnical trials indicate that DP-IV inhibition increases the steady state concentrations of GLP- 1 
and GIP. resulting in improved glucose tolerance. By analogy to GLP-l and GIP. it is likely that 
other glucagon family peptides involved in glucose regulation are also inactivated by DP-IV (eg 
PACAP). Inactivation of these peptides by DP-IV may also play a role in glucose homeostasis. 

The DP-IV inhibitors of the present invention therefore have utiUty in the 
treatment of type H diabetes and in the treatment and prevention of the numerous conditions that 
often accompany Type H diabetes, including metaboHc syndrome X. reactive hypoglycemia and 
diabetic dysUpidemia. Obesity, discussed below, is another condition that is often found with 
Type n diabetes that may respond to treatment with the compounds of this invention. 

The foUowing diseases, disorders and conditions are related to Type 2 diabetes 
and therefore may be treated, controlled or in some cases prevented, by treatment with the 
compounds of this invention: (1) hyperglycemia, (2) low glucose tolerance, (3) insuUn resistance. 
(4) obesity. (5) Upid disorders. (6) dyslipidemia. (7) hyperlipidemia, (8) hypertriglyceridemia (9) 
hypercholesterolemia. (10) low HDL levels, (1 1) high LDL levels, (12) atherosclerosis and its 
sequelae. (13) Vascular restenosis. (14) irritable bowel syndrome, (15) inflammatory bowel 
disease, including Crohn's disease and ulcerative coUtis, (16) other inflammatory conditions 
(17) pancreatitis. (18) abdominal obesity. (19) neurodegenerative disease, (20) retinopathy 
(21) nephropathy, (22) neuropathy. (23) Syndrome X. (24) ovarian hyperandrogenism (polycystic 
ovanan syndrome), and other disorders where insuUn resistance is a component. 

Obesity: DP-IV inhibitors may be useful for the treatment of obesity. This is based on the 
observed inhibitory effects on food intake and gastric emptying of GLP-l and GLP-2 
Exogenous administration of GLP-l in humans significantly decreases food intake and slows 
gastnc emptying (Am. J. Physiol ., 277: R910-R916 (1999)). ICV administration of GLP-l in 
rats and mice also has profound effects on food intake nSTature Medicine, 2: 1254-1258 (1996)) 
This inhibition of feeding is not observed in GLP-IR^"' ) mice, indicating that these effects are ' 
mediated through brain GLP-l receptors. By analogy to GLP-l, it is likely that GLP-2 is also 
regulated by DP-IV. ICV administration of GLP-2 also inhibits food intake, analogous to the 
effects observed with GLP-l (Nature Medicine, 6: 802-807 (2000)). In addition, studies with 
DP-rV deficient mice suggest that these animals are resistant to diet-induced obesity and 
associated pathology (e.g. hyperinsulinonemia). 
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Growth HarnioneDeficienrY: DP-IV inhibition may be useful for the treatment of growth 
hormone deficiency, based on the hypothesis that growth-hormone releasing factor (GRF) a 
peptide that stimulates release of growth hormone from the anterior pituitary, is cleaved by the 
DP-IV enzyme in vivo (WO 00/56297). The following data provide evidence that GRF is an 
endogenous substrate: (1) GRF is efficiently cleaved in vitro to generate the inactive product 
GRF[3-44] @BA 1 122: 147-153 (1992)); (2) GRF is rapidly degraded in plasma to GRF[3-44]- 
this is prevented by the DP-IV inhibitor diprotin A; and (3) GRF[3-44] is found in the plasma of 
a human GRF transgenic pig (J. C3in. InvR<^t., 83: 1533-1540 (1989)). Thus DP-IV inhibitors 
may be useful for the same spectrum of indications which have been considered for growth 
hormone secretagogues. 

Intestinal Iniury : The potential for using DP-IV inhibitors for the treatment of intestinal injury is 
suggested by the results of studies indicating that glucagon-like peptide-2 (GLP-2) a likely 
endogenous substrate for DP-IV. may exhibit trophic effects on the intestinal epithelium 
(Regulatory Peptides 90: 27-32 (2000)). Administration of GLP-2 results in increased small 
bowel mass in rodents and attenuates intestinal injury in rodent models of coUtis and enteritis. 

Immunosuppression : DP-IV inhibition may be useful for modulation of the immune response - 
based upon studies implicating the DP-IV enzyme in T cell activation and in chemokine 
processing, and efficacy of DP-IV inhibitors in in vivo models of disease. DP-IV has been shown 
to be Identical to CD26. a cell surface marker for activated immune cells. The expression of 
CD26 is regulated by the differentiation and activation status of immune cells. It is generaUy 
accepted that CD26 functions as a co-stimulatory molecule in in vitro models of T ceU 
activation. A number of chemokines contain proline in the penultimate position, presumably to 
protect them from degradation by non-specific aminopeptidases. Many of these have been 
shown to be processed in vitro by DP-IV. In several cases (RANTES. LD78-beta. MDC, 
eotaxin, SDF-lalpha), cleavage results in an altered activity in chemotaxis and si^aUng'assays. 
Receptor selectivity also appears to be modified in some cases (RANTES). Multiple N- 
terminally tiruncated forms of a number of chemokines have been identified in in vitro cell 
culture systems, including the predicted products of DP-IV hydrolysis. 

DP-IV inhibitors have been shown to be efficacious immunosupressants in animal 
models of tiransplantation and arthritis. Prodipine (Pro-Pro-diphenyl-phosphonate), an 
irreversible inhibitor of DP-IV. was shown to double cardiac allograft survival in rats from day 7 
to day 14 (Transplantation, 63: 1495-1500 (1997)). DP-IV inhibitors have been tested in 
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coUagen and alkyldiamine-induced arthritis in rats and showed a statistically significant 
attenuation of hind paw sweUing in this model flht. J. Immunopharmacolngy , 19.15-24 (1997) 
and Immunopharmacolof > y , 40: 21-26 (1998)]. DP-IV is upregulated in a number of autoimmune 
diseases including rheumatoid arthritis, multiple sclerosis. Graves' disease, and Hashimoto's 
5 thyroiditis nrmmnnnln py Todav. 20: 367-375 (1999)). 

mv Infection : DP-IV inhibition may be useful for the treatment or prevention of HIV infection 
or AIDS because a number of chemokines which inhibit HIV cell entry are potential substrates 
for DP-IV (ImmunoIosY Today 20: 367-375 (1999)). In the case of SDF-lalpha. cleavage 
10 decreases antiviral activity (PNAS, 95: 6331-6 (1998)). Thus, stabiUzation of SDF-lalpha 
through inhibition of DP-IV would be expected to decrease HIV infectivity. 

Hematopoiesis : DP-IV inhibition may be useful for the treatment or prevention of hematopiesis 
because DP-IV may be involved in hematopoiesis. A DP-IV inhibitor, Val-Boro-Pro, stimulated 
15 hematopoiesis in a mouse model of cyclophosphamide-induced neutropenia (WO 99/56753). 

Neuronal Disorders : DP-IV inhibition may be useful for the treatment or prevention of various 
neuronal or psychiatric disorders because a number of peptides impKcated in a variety of 
neuronal processes are cleaved in vitro by DP-IV. A DP-IV inhibitor thus may have a 
20 theirapeutic benefit in the treatment of neuronal disorders. Endomorphin-2, beta-casomorphin, 
and substance P have aU been shown to be in vitro substrates for DP-IV. In all cases, in vitro 
cleavage is highly efficient, with WKo, ~ lO' M's' or greater. In an electric shock jump test 
model of analgesia in rats, a DP-IV inhibitor showed a significant effect that was independent of 
the presence of exogenous endomorphin-2 (Brain Research . 815: 278-286 (1999)). 
Neuroprotective and neuroregenerative effects of DP-IV inhibitors were also evidenced by the 
inhibitors' ability to protect motor neurons from excitotoxic cell death, to protect striatal 
innervation of dopaminergic neurons when administered concurrently with MPTP, and to 
promote recovery of striatal innervation density when given in a therapeutic manner following 
MPTP treatment [see Yong-Q. Wu, et al., "Neuroprotective Effects of Inhibitors of Dipeptidyl 
Peptidase-IV In Vitro and In Vivo," Int. Conf. On D ipeptidvl Aminopeptidases: Basic Sri^n^^ 
and Clinical Applications. September 26-29, 2002 (Berlin, Germany)]. 

J>imor favasion and Metastasis : DP-IV inhibition may be useful for the treatment or prevention 
of tumor invasion and metastasis because an increase or decrease in expression of several 
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ectopepudases including DP-IV has been observed during the transfoimation of nonnal cells to a 
mahgnant phenotype (J. Exp. Med ., 190: 301-305 (1999)). Up- or down-regulation of these 
proteins appears to be tissue and ceU-type specific. For example, increased CD26/DP-IV 
expression has been observed on T cell lymphoma. T ceU acute lymphoblastic leukemia cell- 
denved thyroid carcinomas, basal cell carcinomas, and breast carcinomas. Thus. DP-Iv' 
inhibitors may have utiHty in the treatment of such carcinomas. 

Benign Prostatic Hyp erfroph y : DP-IV inhibition may be useful for the treatment of benign 
prostate hypertrophy because increased DP-IV activity was noted in prostate tissue ftom patients 
with BPH (Eur. J. Clin. Chem. Clin R.Vv>h^», ^ 30.- 333.335 (1992)). 

Sperm motility/male contraception : DP-IV inhibition may be useful for die altering sperm 
motihty and for male contraception because in seminal fluid, prostatosomes, prostate derived 
organelles important for sperm motiUty, possess very high levels of DP-IV activity (Eur. J. Clin 
Chem. CHn, Biochem 30: 333-338 (1992)). ' 

Snavatis: DP-IV inhibition may be useful for die tteatinent of gingivitis because DP-IV activity 
was found in gingival crevicular fluid and in some studies correlated witii periodontal disease 
severity (Arch. Oral Rini , 37: 167-173 (1992)). 

QsteMosis: DP-IV inhibition may be useful for tiie treatment or prevention of osteoporosis 
because GIP receptors are present in osteoblasts. 

The compounds of die present invention have utility in tteating or preventing one 
or more of die foUowing conditions or diseases: (1) hyperglycemia, (2) low glucose tolerance 
(3) insulm resistance. (4) obesity. (5) lipid disorders. (6) dysUpidemia, (7) hyperKpidemia, (8) 
hj^ertnglyceridemia. (9) hypercholesterolemia, (10) low HDL levels, (11) high LDL levels 
(12) atherosclerosis and its sequelae. (13) vascular restenosis. (14) irritable bowel syndrome '(15) 
inflammatory bowel disease, including Crohn's disease and ulcerative colitis (16) otiier 
inflammatory conditions. (17) pancreatitis, (18) abdominal obesity, (19) neurodegenerative 
disease. (20) retinopatiiy. (21) nephropatiiy. (22) neuropathy, (23) Syndrome X, (24) ovarian 
hj^erandrogenism (polycystic ovarian syndrome), (25) Type H diabetes, (26) growth hormone 
deficiency. (27) neutix)penia. (28) neuronal disorders. (29) timior metastasis. (30) benign 
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hypemophy. (32) gmgivids. (33) hyp«1e„si<». (34) osteoporosis, and ofter condiUom 
that may be treated or prevented by inhibition of DP-IV. 

The subject compounds are further useful in a method for the prevention or 
treatment of the aforementioned diseases, disorders and conditions in combination with other 
agents. 

The compounds of the present invention may be used in combination with one or 
more other drugs in the treatment, prevention, suppression or ameUoration of diseases or 
conditions for which compounds of Formula I or the other drugs may have utiUty, where the 
combmation of the drugs together are safer or more effective tiian either drug alone. Such other 
drug(s) may be administered, by a route and in an amount commonly used therefor 
contemporaneously or sequentially with a compound of Fonnula 1. When a compomid of 
Formula I ,s used contemporaneously with one or more other drugs, a phannaceutical 
composition in unit dosage form containing such other drugs and the compound of Fomiula I is 
preferred. However, the combination therapy may also includes therapies in which the 
compound of Fonnula I and one or more other drugs are administered on different overlapping 
schedules. It is also contemplated that when used in combination with one or more other active 
ingredients, the compounds of the present invention and the other active ingredients may be used 
in lower doses than when each is used singly. Accordingly, the phannaceutical compositions of 
the present invention include those that contain one or more other active ingredients, in addition 
to a compound of Formula I. 

Examples of other active ingredients that may be administered in combination 
with a compound of Formula I. and eitiier administered separately or in the same pharmaceutical 
composition, include, but are not Umited to: 

(a) other dipeptidyl peptidase IV (DP-IV) inhibitors; 

(b) insulin sensitizers including (i) PPARy agonists such as the gUtazones (e g 
troglitazone, piogUtazone, englitazone, MCC-555, rosiglitazone, and the like) and other PPAR 
hgands, including PPARo/y dual agonists, such as KRP-297, and PPARa agonists such as 
fenofibnc acid derivatives (gemfibrozil, clofibrate, fenofibrate and bezafibrate). (ii) biguanides 
such as metformin and phenformin, and (iii) protein tyrosine phosphatase- IB (FIP-IB) 
inhibitors; 

(c) insulin or insulin mimetics; 

(d) sulfonylureas and other insulin secretagogues. such as tolbutamide glyburide 
ghpizide, glimepiride. and meglitinides. such as repaglinide; 

(e) ocnglucosidase inhibitors (such as acarbose and migUtol); 
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(f) glucagon receptor antagonists such as those disclosed in WO 98/04528, WO 
99/01423, WO 00/39088, and WO 00/69810; 

(g) GIP-1, GLP-1 mimetics, and GLP-1 receptor agonists such as those disclosed 
in WOOO/42026 and WOOO/59887; 

5 (h) GIP and GXP mimetics such as those disclosed in WOOO/58360, and GIP 

receptor agonists; 

(i) PACAP, PACAP mimetics, and PACAP receptor agonists such as those 
disclosed in WO 01/23420; 

(j) cholesterol lowering agents such as (i) HMG-CoA reductase inhibitors 
10 (lovastatin, simvastatin, pravastatin, cerivastatin, fluvastatin, atorvastatin, itavastatin, and 
rosuvastatin, and other statins), (ii) sequestrants (cholestyramine, colestipol, and 
dialkylaminoalkyl derivatives of a cross-Unked dextran), (iii) nicotinyl alcohol, nicotinic acid or 
a salt thereof, (iv) PPARa agonists such as fenofibric acid derivatives (gemfibrozil, clofibrate, 
fenofibrate and bezafibmte), (v) PPARoc/y dual agonists, such as KRP-297, (vi) inhibitors of 
15 cholesterol absorption, such as beta-sitost^ol and ezetimibe, (vii) acyl CoArcholesterol 
acyltransferase inhibitors, such as avasimibe, and (viii) anti-oxidants, such as probucol; 
(k) PPAR5 agonists, such as those disclosed m W097/28149; 
(1) antiobesity compounds such as fenfluramine, dexfenfluramine, phentermine, 
sibutramine, orlistat, neuropeptide Y5 inhibitors, caimabinoid-1 (CB-1) receptor 
20 antagonists/reverse agonists, melanocortin-4 receptor agonists, and Ps adrenergic receptor 
agonists; 

(m) ileal bile acid transporter inhibitors; 

(n) agents intended for use in inflammatory conditions such as aspirin, non- 
steroidal anti-inflammatory drags, glucocorticoids, azulfidine, and selective cyclooxygenase-2 
25 inhibitors; and 

(o) antihypertensive agents such as ACE inhibitors (enalapril, lisinopril, captopril, 
quinapril, tandolapril), A-II receptor blockers (losartan, candesartan, irbesartan, valsartan, 
telmisartan, eprosartan), beta blockers and calcium channel blockers. 

The above combinations include combinations of a compound of the present 
30 invention not only with one other active compound, but also with two or more other active 

compounds. Non-limiting examples include combinations of compounds having Formula I with 
two or more active compounds selected from biguanides, sulfonylureas, HMG-CoA reductase 
inhibitors, PPAR agonists, PTP-IB inhibitors, other DP-IV inhibitors, and anti-obesity 
compounds. 
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Likewise, compounds of the present invention may be used in combination with 
other drugs that ate used in the treatmenl/prevention/suppression or ameUoration of the diseases 
or conditions for which compounds of the present invention are useful. Such other drugs may be 
admimstered, by a route and in an amount commonly used therefor, contemporaneously or 
sequentially with a compound of the present invention. When a compound of the present 
invention is used contemporaneously with one or more other drugs, a pharmaceutical 
composition containing such other drugs in addition to the compound of the present invention is 
preferred. Accordingly, the pharmaceutical compositions of the present invention include tiiose 
that also contain one or more otiier active ingredients, in addition to a compound of tiie present 
invention. 

The weight ratio of the compound of the present invention to the second active 
ingredient may be varied and will depend upon the effective dose of each ingredient. Generally 
an effective dose of each will be used. Thus, for example, when a compound of the present 
invention is combined with another agent, the weight ratio of the compound of the present 
invention to the otiier agent wiU generally range from about 1000: 1 to about 1 : 1000, preferably 
about 200:1 to about 1:200. Combinations of a compound of ttie present invention and other 
active ingredients wiU generally also be witiiin tiie aforementioned range, but in each case, an 
effective dose of each active ingredient should be used. 

In such combinations tiie compound of tiie present invention and otiier active 
agents may be administered separately or in conjunction. In addition, tfie administiation of one 
element may be prior to. concurrent to, or subsequent to tiie administration of otiier agent(s). 

The compounds of tiie present invention may be administered by oral, parenteral 
(e.g., intramuscular, intiraperitoneal. intiravenous, ICV, intracistemal injection or infusion 
subcutaneous injection, or implant), by inhalation spray, nasal, vaginal, rectal, sublingual' or 
topical routes of administiration and may be formulated, alone or togetiier, in suitable dosage unit 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants 
and vehicles appropriate for each route of administration. In addition to tiie tieatinent of warm- 
blooded animals such as mice, rats, horses, cattle, sheep, dogs. cats, monkeys, etc., tiie 
compounds of tiie invention are effective for use in humans. 

The pharmaceutical compositions for the administiation of the compounds of tiiis 
invention may convenientiy be presented in dosage unit form and may be prepared by any of tiie 
metiiods well known in tfie art of pharmacy. All metiiods include tiie step of bringing the active 
ingredient into association witii tiie carrier which constitiites one or more accessory ingredients 
In general, flie pharmaceutical compositions are prepared by uniformly and intimately bringing 
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the active ingredient into association with a liquid carrier or a finely divided solid carrier or both, 
and then, if necessary, shaping the product into the desired formulation. In the pharmaceutical 
composition the active object compound is included in an amount sufficient to produce the 
desired effect upon the process or condition of diseases. As used heroin, the term "composition" 
5 is intended to encompass a product comprising the specified ingredients in the specified 

amounts, as well as any product which results, directly or indirectly, from combination of the 
specified ingredients in the specified amounts. 

The pharmaceutical compositions containing the active ingredient may be in a 
form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, 

10 dispersible powders or granules, emulsions, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use may be prepared according to any method known to the art 
for the manufacture of pharmaceutical compositions and such compositions may contain one or 
more agents selected horn the group consisting of sweetening agents, flavoring agents, coloring 
agents and preserving agents in order to provide pharmaceutically elegant and palatable 

15 preparations. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. These excipients may be 
for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, com starch, 
or alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, for 

20 example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be 
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract 
and thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated 
by the techniques described in the U.S. Patents 4,256,108; 4,166,452; and 4,265,874 to form 

25 osmotic therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein 
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed 
with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 

3® Aqueous suspensions contain the active materials in admixture with excipients 

suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents, for 
example sodium carboxymethylcellulose, methylcellulose, hydroxy- propylmethylcellulose, 
sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting 
agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products 
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of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation 
products of ethylene oxide with long chain aUphatic alcohols, for example 
heptadecaethyleneoxycetanol. or condensation pn,ducte of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate or 
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol 
anhydndes, for example polyethylene sorbitan monooleate. The aqueous suspensions may also 
contam one or moie preservatives, for example ethyl, or n-propyl, p-hydioxybenzoate. one or 
more colonng agents, one or more flavoring agents, and one or more sweetening agents, such as 
sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a 
vegetable oil, for example arachis oil. oUve oil, sesame oil or coconut oil. or in a mineral oil such 
as hqmd paraffin. The oily suspensions may contain a thickening agent, for example beeswax 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring ' 
agents may be added to provide a palatable oral preparation. These compositions may be 
preserved by the addition of an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous 
suspension by the addition of water provide the active ingredient in admixture with a dispersing 
or wettmg agent, suspending agent and one or more preservatives. Suitable dispersing or wetting • 
agents and suspending agents are exempUfied by those already mentioned above. Additional 
excipients. for example sweetening, flavoring and coloring agents, may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil- 
m-water emulsions. The oily phase may be a vegetable oil. for example olive oil or arachis oil 
orammeraloiLforexampleliquidparaffinormixttiresofthese. Suitable emulsifying agents ' 
may be naturally- occurring gmns, for example gum acacia or gum tragacantii. naturally- 
occumng phosphatides, for example soy bean, lecithin, and esters or partial esters derived ftom 
fatty acids and hexitol anhydrides, for example sorbitan monooleate, and condensation products 
of the said partial esters witii efl^ylene oxide, for example polyoxyethylene sorbitan monooleate. 
The emulsions may also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example 
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent 
a preservative and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile injectable 
aqueous or oleagenous suspension. This suspension may be formulated according to tiie known 
art usmg tiiose suitable dispersing or wetting agents and suspending agents which have been 
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mentioned above. The sterile injectable preparation may also be a sterile injectable solution or 
suspension in a non-toxic paienterally-acceptable diluent or solvent, for example as a solution in 
1,3-butane diol. Among the acceptable vehicles and solvents that may be employed are water. 
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
5 conventionally employed as a solvent or suspending medium. For this purpose any bland fixed 
oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as 
oleic acid find use in the preparation of injectables. 

The compounds of the present invention may also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared by 

10 mixing the drug with a suitable non-irritating excipient which is soUd at ordinary temperatures 
but liquid at the rectal temperature and will therefore melt in the rectum to release the drug. 
Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., 
containing the compounds of The present invention are employed. (For purposes of this 

15 application, topical application shall include mouth washes and gargles.) 

The pharmaceutical composition and method of the present invention may further 
comprise other therapeutically active compounds as noted herein which are usuaUy applied in the 
treatment of the above mentioned pathological conditions. 

In the treatment or prevention of conditions which require inhibition of dipeptidyl 

20 peptidase-IV enzyme activity an appropriate dosage level wiU generaUy be about 0.01 to 500 mg 
per kg patient body weight per day which can be administered in single or multiple doses. 
Preferably, the dosage level will be about 0.1 to about 250 mg/kg per day; more preferably about 
0.5 to about ICQ mg/kg per day. A suitable dosage level may be about 0.01 to 250 mg/kg per 
day, about 0.05 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per day. Within this range the 

25 dosage may be 0.05 to 0.5, 0.5 to 5 or 5 to 50 mg/kg per day. For oral administration, the 
compositions are preferably provided in the form of tablets containing 1.0 to 1000 mg of the 
active ingredient, particularly 1.0, 5.0, 10.0, 15.0. 20.0. 25.0, 50.0, 75.0, 100.0, 150.0, 200.0, 
250.0, 300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0. and 1000.0 mg of the active ingredient for 
the symptomatic adjustment of the dosage to the patient to be treated. The compounds may be 

30 administered on a regimen of 1 to 4 times per day, preferably once or twice per day. 

When treating or preventing diabetes mellitus and/or hyperglycemia or 
hypertriglyceridemia or other diseases for which compounds of the present invention are 
indicated, generally satisfactory results are obtained when the compounds of the present 
invention are administered at a daily dosage of firom about 0.1 mg to about 100 mg per kilogram 
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Of animal body weight, preferably given as a single daily dose or in divided doses two to six 
times a day. or in siistained release form. For most large mammals, the total daily dosage is from 
about 1.0 mg to about 1000 mg, preferably from about 1 mg to about 50 mg. In the case of a 70 
kg adult human, the total daily dose will generally be from about 7 mg to about 350 mg. This 
dosage regimen may be adjusted to provide the optimal ther^utic response. 

It will be understood, however, that the specific dose level and frequency of 
dosage for any particular patient may be varied and will depend upon a variety of factors 
including the activity of the specific compound employed, the metabolic stabiUty and length of 
action of that compound, the age, body weight, general health, sex, diet, mode and time of 
administiration, rate of excretion, drug combination, the severity of the particular condition, and 
the host undergoing therapy. 

Several methods for preparing the compounds of this invention are illustrated in 
the following Schemes and Examples. Starting materials ate made according to procedures 
known in the art or as illustrated herein. 

The compounds of the present invention can be prepared from beta amino acid 
intermediates such as those of formula H and substitiited heterocyclic intermediates such as those 
of formula m, using standard peptide coupling conditions foUowed by deprotection. The 
preparation of these intermediates is described in the foUowing schemes. 



m 

where Ar. X. Rl. R8. r9. rIO. r11, r12 and Rl3 are as defined above and P is a suitable 
mtix)gen protecting group such as tert-butoxycarbonyl. benzyloxycarbonyl, and 9- 
fluorenyhnethoxycarbonyl. 

SCHEME 1 

NH 1)/BuOCOCl, EtgN ^NH O 

O 3)PhC02Ag ^ 
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Compounds of fonnula H are commerciaUy available, known in the literature or 
may be conveniently prepared by a variety of methods famiUar to those skilled in the art. One 
common route is iUustrated in Scheme 1. Protected alpha-amino acid 1, which may be 
commeicially available or readily prepared from the corresponding amino acid by protection 
using, for example, di-tert-butyl dicarbonate (for P = BOC), carbobenzyloxy chloride (for P = 
Cbz), or iV-(9-fluorenylmethoxycaibonyloxy)succinimide (for P = Fmoc), is treated with isobutyl 
chloroformate and a base such as triethylamine oriV;iV-diisopropylethylamine (DIEA), followed 
by diazomethane. The resultant diazoketone is then treated with silver benzoate in a solvent such 
as methanol or aqueous dioxane which may be subjected to sonication following the procedure 
of Sewald et al., Synthesis , 837 (1997) in order to provide the beta amino acid H. As will be 
understood by those skilled in the art, for the preparation of enantiomerically pure beta amino 
acids n, enantiomerically pure alpha amino acids 1 may be used. Alternate routes to the 
protected beta-amino acid intermediates H can be found in the following reviews: E. Juaristi, 
Enantioselective Synthesis of P-Amino Acids, Ed., Wiley-VCH, New York: 1997; Juaristi et'al.. 
AldtichimicaActa, 27: 3 (1994); and Cole et al.. Tetrahedron. 32: 9517 (1994). 

SCHEME 2 

R^^^^^ 

iio R1 



3 



RIO 
IKa 



Compounds IE are commercially available, known in the literature or may be 
conveniently prepared by a variety of methods famihar to those skilled in the art. One 
convenient method for the preparation of compounds lUa, wherein Rl 1, Rl2 and Rl3 are 
hydrogen, is shown in Scheme 2. Unsaturated derivative 3 is reduced, for example, by treatment 
with hydrogen gas and a catalyst such as palladium on carbon or platinum oxide in a solvent such 
as methanol or ethanol to provide Compound ma. 
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CI 

N 




N 



SCHEMES 
O OMe 
NHa ^Y^*^^ O"* ^'^"V'^OMe 



4 



?' R^MgBr, CuBr, THF 

N^Vo2 ^ N<S-^N 

or R^-B(OH)2. Pd(PPh3)4 k^N~^ 
1,1 toluene, EtOH, NagCOa ^ ' 



r2 



3a 



Intennediates 3, from Scheme 2. are themselves commercially available, known 
in the literature or may be conveniently prepared by a variety of methods familiar to those skilled 
in the art. One such method when X is CR^ and R9 and RIO are H is illustrated in Scheme 3. 
Aminopyrazine 4 is treated with a 2-haIoketone such as 2-bromoketone 1 in a solvent such as 
methanol or ethanol to provide intermediate 7. Alternatively, for the preparation of intermediate 
7 where R is H, 2-bromo-dimethylacetal 6 arid a catalytic amount of acid such as hydrochloric 
acid may be employed instead of intermediate 5. The conversion of 4 to 7 may also be carried 
out in two steps. First, 4 and an appropriate bromide 5 are heated, conveniently in a solvent such 
as dioxane at 50 for 16 h. Then, solvent is removed, the residue treated with isopropanol, and 
the mixture heated at reflux for approximately 2 h. Intemiediate 7 is converted to 3a by 
treatment with a Grignard reagent in the presence of copper bromide according to the literature 
procedure detailed in J. Org. Chem. , 52: 3847 (1987) or by palladium-catalyzed Suzuki coupUng 
15 with a boronic acid. 
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SCB0BME4 

9 OMe 



Br^X^pg Br 



Br 

8A 



N 



NHp y R or Y^^OMe 

5 ,1,1 6 




R^MgBr, CuBr, THF 

N->=-N _ ^ N^^N 





Br- or r9-B(OH)2. Pd(PPh3)4 9.' 

OA R' toluene, EtOH. NaaCOg " \i 

^ 3b " 



Intennediates 3b, wherein X is CR2 and R8 and RlO are H, may be prepared 
5 described above for Scheme 3 starting with aminopyrazine SA. as iUustrated in Scheme 4. 

SCHEMR4A 

9 QMe 
Br\^ 2 Br 

N 



as 



R 2 r1 6 





Br gB 



R^°MgBr, CuBr, THF 




N--^^" or R^°-B(OH)2. Pd(PPh3)4 
r1 toluene. EtOH, NagCOg 

SB 3c 



R' 
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Intennediates 3c. wherein X is CR2 and R8 and R9 am H, may be prepared as 
descnbed above for Scheme 3 starting with aminopyi^ne 8B, as illustrated in Scheme 4A. 



SCHEMRS 
9' CI 



I ^, r R'CH(OEt)3 (12) 

N^^W^I H2NNH2 0rR^CO2H(13), PPA 

iL^N II 1 _ 



i5 ori)(R^CO)20orR^COCI, 

~ EtgN; li)PPA 



CI 



R^MgBr. CuBr, THF 



N^"^ firR«-B(OH)2.Pd(PPh3)4 t^N^"^ 
r1 toluene, EtOH, Na2C03 




N 



14 n f ,,a2v^v^3 1^1 

— 3d " 

An alternate route for the preparation of Compound 3d wherein X is N and R9 
and RIO are H is iUusttBted in Scheme 5. Dichloropyrazine 10 is treated with hydrazine to 
provxdehy^fcazinochloropyrBzinell. Compo^^ 

such as taethyl orthoester 12or with acarboxyUc acid 13 in polyphosphoiic acid (PPA) at 
elevated temperature to give 14. Alternatively, the hydrazine 11 may be acylated. for example, 
by treatmen wrth an acid chloride or anhydride in the presence of a base such as triethylamine 
and the resultant hydrazidecychzedtol4 by 

the hahde using a Grignard reagent or Suzuki coupHng as described above provides 3d 
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SCHEME 6 



^1 T H2NNH2 'orR^C02H(13).PPA 



15A 16A or I) (R^C0)20 or R^COCI, 

EtgN; il)PPA 

M<s=^\>^N R^MgBr, CuBr. THF ^ 

^ 1 J. 

or R^-B(OH)2. Pd(PPh3)4 rS-'^N^ 

12A " toluene, EtOH, NagCOg 3e 



Intermediates 3e, wherein X is N and R8 and RlO are H, may be jwepared as 
described above for Scheme 5 starting with dichloropyrazine 15A . as iUustrated in Scheme 6. 



SCHEME 6A 



R^CH(OEt)3 (12) 

-^5^-^' H2NNH2 or R''C02H 03), PPA 





or i) (R^C0)20 or R^COCI, 
^' 15B CI 16B ..J 

R^°MgBr, CuBr, THF ^ ^, 




r N I i. /N 

orR^°-B(OH)2. Pd(PPh3)4 

Q, r1 toluene, EtOH, NagCOs R^° 

17B 3f 

Intermediates 3f, wherein X is N and R8 and R9 are H, may be prepared as 
described above for Scheme 5 starting with dichloropyrazine 15B, as illustrated in Scheme 6A. 
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10 



SCHEME? 
R« r8 



nAy^C' H2NNH2 N-^^ 



2 



18 19 ,1^10 

R^CH(OEt)3 (12) R« 
orR^COaHQ^, PPA 



N- 



N 

N 



orlXR^COsOorR^COCI. R'^'^'^'^ 
EtgN; ii) PPA R^°3g 

Intennediates 3g, wherein X is N. may be prepared from chloropyrazine 18 as 
lUustrated in Scheme 7. Chloropyrazine 18. which is commercially available, known in the 
hterature or may be convenientiy prepared by a variety of methods famiUar to those skilled in the 
art, IS treated with hydrazine to provide hydtazinopyrazine 19. Intermediate 19 may be 
condensed with either an orthoester such as triethyl orthoester 12 or with a carboxylic acid 13 in 
polyphosphoric acid at elevated temperatures to give 3g. Alternatively, the hydrazine 19 may be 
acylated, for example, by treatment with an acid chloride or anhydride in the presence of a base 
such as triethylamine. and the resultant hydrazide cyclized to 3g by heating in polyphosphoric 
acid. 



15 



SCHEMES 

r8 O oMe r8 




r9- ^Y"' ^ 

20 |l,io fO 

^'^"""^^*^^3h, wherein X is CR^ may also be prepared as illustrated in Scheme 
8. Aminopyrazme 20, which is commercially available, known in the literature or may be 
convemently prepared by a variety of methods familiar to those skilled in the art. is treated with a 
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2-haloketone such as 2-bromoketone 5 in a solvent such as methanol or ethanol to provide 
intermediate 3h. Alternatively, for the preparation of intennediate 3h where R2 is H, 2-bromo- 
dimethylacetal ^ and a catalytic amount of acid such as hydrochloric acid may be employed 
•instead of intennediate 5. The conversion of 20 to 3h may also be carried out in two steps. First, 
aminopyrazine 20 and an appropriate bromide 5 are heated, conveniently in a solvent such as 
dioxane at 50 °C for 16 h. Then, solvent is removed, the residue treated with isopropanol. and 
the mixture heated at reflux for approximately 2 h to provide 3h. 



SCHEME 9 



NaNs 



21 



NH4CI, DMF 



18 



OH 



1)Tf20, 2.6-lutldlne 



R^^^P^° 2) PhCHaNHCR^R^^COaEt 



^ PR PhaP 

Ph^^N ^COgEt Ph-^ 

o /N3 toluene 

^^^^ R^ 

23 



r8 




N 

R \r10 

24 



OEt 



13 



HoN 



or R 




R' 



10 



Ph' 



39 ■ 



rs 



N 




N 



R 1^10 -1 
25 



NH4-^HC02" 



Pd/C 



R^ 




mb 



15 



An alternate method for the preparation of Intermediate Ulb, wherein X is C-R^ is 
illustrated in Scheme 9. Ring opening of epoxide 21, which is commercially available, known in 
the hterature or may be conveniently prepared by a variety of methods familiar to those skilled in 
the art, with azide, conveniently using sodium azide in the presence of ammonium chloride in 
DMF, gives azido alcohol 22. The alcohol is converted to the corresponding triflate. and treated 
with an N-benzyl alpha-amino acid ester, such as an ethyl ester, to provide amino ester 23. Aza- 
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10 



Wittig reaction affoids iminoether 24. Treatment of 24 vdth S-aminopropyne according to the 
procedure of Maffrand et al., Eur. J. Med. Thftm lO: 528 (1975) gives 
tetrahydroimidazopyrazine 25, wherein R» is Me and is H, which may be deprotected using 
ammonium formate in the presence of a palladium catalyst to give Intermediate Ulb 
Alternatively, iminoether 24 may be converted to tetrahydroimidazopyrazine 25 by treatment 
with an alpha-aminoketone. foUowing procedures outlined in Claxton et al., J. Med. Chem n- 



R 




SCHEME to 
^^OFt ""^ R^CONHNHg. EtOH, 60 °C 



N 2) toluene, reflux 



R 



10 

24 

!>8 



R 



,9- 



26 

nic 



An alternate route to the preparation of fiitermediate IHc, wherein X is N is 
illustrated in Scheme 10. Iminoether 24, from Scheme 9, is treated with a hydrazide in for 
example, ethanol at 60 °C, followed by heating in toluene at reflux, to give triazolopip Jr^zine 26 
Deprotection, for example, using ammonium formate in the presence of a paUadium catalyst 
15 affords Intermediate nic. ' 
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SCHEME 11 



R 



11 



HN 




N 



1^ . 



lar^R 

10 



md 



(ferf-BuOCO)2 



>ii 



BOC, 




Rio R 

27 



11 



1) n-BuLi, TMEDA 



2) R®X (X = Br. I. etc.) 

3) HCI/MeOH orTFA/CHgCIa 



HN 




N 



R'lio*^ d1 



m 



Compounds m may be prepared from intermediate md, wherein r8 is H, as 
iUustrated in Scheme 11. Intermediate md is protected with a nitrogen protecting group, for 
example, a BOC group by treatment with di-te/t-butyldicarbonate. iV-BOC derivative 22 is 
deprotonated with strong base such as n-butyl Uthium in the presence of TMEDA and treated 
with an alkylating agent such as an alkyl haUde. Deprotection under acidic conditions provides 
compound m. 



10 



NHi 



" Die 



NHg 

Rl3 



Rio 

28 



SCHEME 12 



N-N 

29 O 
DIPEA, MeOH 

2) SuperPhos 



CF, 



HN^'^^N^ 

R^i^R^"" 

^%o^ R1 



Rio 

me 



Compounds me, wherein r8 and r1 1 are hydrogen, may be prepared as shown in 
Scheme 12. Diamine 28 is treated with oxadiazole 29 in a solvent such as methanol, 
convenientiy at 0 *>C in the presence of a base such as iV.iV-diisopropylethylamine. Following 
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removal of methanol, the intennediate mixture may be heated in supeiphosphoric acid to provide 
the desired compounds Die. 



SCHEME 13 



^^NH O ^"N^'y^K EDO, HOBT, DIEA, DMF 

'^'■^x-'^^^Q,^ '^^T/7<'^^^ °^ peptide coupling' 



in 



o r8 



N deprotection 

J I \ — • ' — 

R^-K^"^^ TFA/CH2CI2 for P = Boc 



30 



Dl2 /^Rl3\ . 

" R10 " R 



Intermediates H and m are coupled under standard peptide coupling conditions, 
^ex^pte. using l-ethyl-3-(3-dimethylaminopropyl)carbodiimide and 1-hydroxybenzotriazole 
(EDC/HOBT) or 0-(7-a2abenzotriazol-l-yl)-iV,MiV'.iV'.tetramethyluronium 
hexafluoiophosphate and l-hydroxy-T-azabenzotriazole (HATU/HOAT) in a solvent such as 
N.N-dimethylfoimamide (DMF) or dichloromethane for 3 to 48 hour, at ambient temperature to 
provide Intermediate 30 as shown in Scheme 13. In some cases. Intermediate m may be a salt 
such as a hydrochloride or trifluoroacetic acid salt, and in these cases it is convenient to add a ' 
base, generaUy iV.iV-diisopropylethylamine. to the coupUng reaction. The protecting group is 
then removed with, for example, trifluoroacetic acid or methanolic hydrogen chloride in the case 
of Boc to give the desired amine I. The product is purified from unwanted side products if 
necessary, by recrystallization, trituration, preparative thin layer chromatography, flash ' 
chromatography on silica gel. such as with a Biotage® apparatus, or HPLC. Compounds that ar^ 
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purified by HPLC may be isolated as the corresponding salt. Purification of intennediates is 
achieved in the same manner. 

In some cases the product I, prepared as described in Scheme 13, may be further 
modified, for example, by manipulation of substituents on Ar, r1, r2, r8-r13. These 
manipulations may include, but are not limited to, reduction, oxidation, alkylation, acylation, and 
hydrolysis reactions that are commonly known to those skilled in the art. 

In some cases intermediates described in the above schemes may be further 
modified before the sequences are completed, for example, by manipulation of substituents on 
At, R1, r2, R8.R13. These manipulations may include, but are not limited to, reduction, 
oxidation, alkylation, acylation, and hydrolysis reactions that are commonly known to those 
skilled in the art. 

In some cases the order of carrying out the foregoing reaction schemes may be 
varied to fecilitate the reaction or to avoid unwanted reaction products. The following examples 
are provided so that the invention might be more fully understood. These examples are 
illustrative only and should not be construed as limiting the invention in any way. 

INTBRMEDTATF i 




(3jg)-3-r(te7t-But0XVCaTt)0nvDamino1-4-<- 2 .5-difluornp h envnbutannir.ar.iH 



^^^Al (jg.5^-Ar-fte/t-Butoxvcarh onvlV2.5-difluoroDhenvlfl1aninP. 

To a solution of 0.5 g (2.49 mmol) of 2,5-difluoro-DL-phenylalanine in 5 mL of 
te/t-butanol were added sequentiaUy 1.5 mL of 2N aqueous sodium hydroxide solution and 543 
mg of di-tert-butyl dicarbonale. The reaction was stirred at ambient temperature for 16 h and 
diluted with ethyl acetate. The organic phase was washed sequentially with IN hydrochloric acid 
and brine, dried over magnesium sulfate and concentrated in vacuo. The crude material was 



-49- 



wo 2004/058266 



PCT/US2003/040114 



pmified by flash chromatography (siUca gel, 97:2:1 dichloromethane:metha„ol:acetic acid) to 
afford the title compound. LC/MS 302 (M+1). 

■ (^.■^3-rfrm-R,,toxycaifeonv1)amii,ol-T-di«zn-4-r7._H.^.,.. o.„,,„,^ 
To a solution of 2.23 g (7.4 mmol) of (/?,5)-iV-(te/t-butoxycatbonyl)-2 5- 
difluorophenylalanine in 100 mL of diethyl ether at 0 «>€ were added sequentially 1 37 mL (8 1 
mmol) of ^ethylamine and 0.93 1 mL (7.5 mmol) of isobutyl chloroformate and the reaction was 
stoed at flns temperature for 15 min. A cooled ethereal solution of diazomethane was then 
added until the yellow color persisted and stirring was continued for a further 16 h The excess 
diazomethane was quenched by dropwise addition of acetic acid, and the reaction was dUuted 
with etiiyl acetate and washed sequentiaUy with 5% hydrochloric acid, saturated aqueous sodimn 
bicarbonate solution and brine, dried over magnesium sulfate and concentrated in vacuo 
Purification by flash chromatography (silica gel, 4:1 hexane:ethyl acetate) afforded the ' 
diazoketone. 

IH NMR (500 MHz. CDCI3): 6 7.03-6.95 (m. IH), 6.95-6.88 (m, 2H), 5.43 (bs. IH). 5.18 (bs 
IH). 4.45 (bs, IH). 3.19-3.12 (m. IH). 2.97-2.80 (m. IH), 1.38 (s. 9H). 

(31g)-3-rffm-Bntoxvcaii.onvnaminn1-4-r2,5-din„..»p h.^vnhut.nni.^ 

H- . .0 c ..!°^'°^"*^°"°^2-^^S(6.58mmol)of (i?.5)-3-[(rer*-butoxycarbonyl)-amino]-l- 
diazo-4-(2.5-difluorophenyl)butan-2-one dissolved in 100 mL of methanol at -30 °C were added 
sequentially 3.3 mL (19 mmol) of iV.iV-diisopropylethylamine and 302 mg (1.32 mmol) of silver 
benzoate The reaction was stirred for 90 min before diluting with ethyl acetate and washing 
sequentially with 2N hydrochloric acid, saturated aqueous sodium bicarbonate, and brine L 
orgamc phase was dried over magnesium sulfate, concentrated in vacuo and the enantiomers 
were separated by preparative chiral HPLC (Chiralpak AD column. 5% ethanol in hexanes) to 
give tiie desired (/?)-enantiomer, which eluted first. This material was dissolved in 50 mL of a 
mixture ^tetiahydrofuran:methanol:lN aqueous lithium hydroxide (3:1:1) and stirred at 50 
for 4 h. The reaction was cooled, acidified with 5% dilute hydrochloric acid and extracted with 
efliyl acetate. The combined organic phases were washed with brine, dried over magnesium 

w!!rl*'°''''^"*'^'^ '° compound as a white foamy solid 

H NMR (500 MHz. CDCI3): 5 7.21 (m. IH). 6.98 (m. 2H). 6.10 (bs. IH), 5^05 (m,lH). 4.21 (m. 
IH). 2.98 (m, 2H). 2.60 (m. 2H). 1.38 (s. 9H). 
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INTERMEDTATR 9 




F 

(3j?>34(fert-Butoxvcarbonv1>mi no1-4-r2-flnoro - 4 -(triflunrnm.thY i)phenvn 

(2/gi55)-2,5-Dihvdro-3,6-dimethoxv-2-f9/-flnnr^-^ ' .ftriflunrom..fhY ^>'-"-Y'^ 
isOPropvlpvrayinft 

To a solution of 3.32 g (18 mmol) of commercially available (25)-2,5-dihydro- 
3,6-dimethoxy-2-isopropylpyra2ine in 100 mL of tetrahydiofuran at -70 was added 12 mL 
(19 mmol) of a 1.6M solution of butylUthium in hexanes. After stirring at this temperature for 
20 mm. 5 g (19.5 mmol) of 2-fluoro-4-trifluorDmethylben2yl bromide in 20 mL of 
tetrahydrofuian was added and stirring was continued for 3 h before warming the reaction to 
ambient temperature. The reaction was quenched with water, concentrated in vacuo and 
extracted witii ethyl acetate. The combined organic phase was washed wifli brine, dried and 
concentrated in vacuo. Purification by flash chromatography (silica gel. 0-5% ethyl acetate in 
hexanes) afforded the title compound. 

IHNMR (500 MHz. CDCI3): 5 7.33-7.25 (m, 3H), 4.35-4.31 (m. IH). 3.75 (s. 3H). 3.65 (s. 3H). 
3.60 (t, IH. J = 3.4 Hz). 3.33 (dd. IH. J = 4.6, 13.5 Hz), 3.03 (dd, IH. J = 7, 13.5 Hz). 2.25-2 15 
(m. IH), 1.0 (d. 3H. J = 7 Hz), 0.66 (d, 3H. J = 7 Hz). 

W-A^-(ferr-Rutoxycarbonvn-?.-f|.,oro-4-triflnnrn^..h vl-nhenv1.l.nin.r^».i,Yi 
ester 

To a solution of 5.5 g (15 mmol) of (2/?,55)-2,5-dihydro-3.6-dimetiioxy-2-(2'- 
fluoro-4'-(trifluoromethyl)benzyl)-5-isopropylpyrazine in 50 mL of a mixttire of 
acetonitiile:dichloromethane (10: 1) was added 80 mL of IN aqueous tiifluoroacetic acid The 
reaction was stirred for 6 h and tiie organic solvents were removed m vacuo. Sodium carbonate 
was added until the solution was basic (>pH 8). and then flie reaction was diluted witfi 100 mL of 
tetirahydrofuran and 10 g (46 mmol) of di-r.rt-butyl dicarbonate was added. The resulting slurry 
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was stiixed for 16 h, concentrated in vacuo, and extracted with ethyl acetate. The combined 
organic phase was washed with brine, dried, and concentrated in vacuo. Purification by flash 
chromatography (siUca gel, 20% ethyl acetate in hexanes) afforded the title compound 
IH NMR (500 MHz, CDQs): 5 7.38-7.28 (m. 3H), 5.10 (bd, IH), 4.65-3.98 (m, IH), 3.76 (s. 
3H). 3.32-3.25 (m, IH), 3.13-3.05 (m, IH), 1.40 (s. 9H). 

W-A^-(fe^-ButoxycarbonvlV?,-fluoro-4-riTiflii o iomethvnp h,>«Yl.io«,v,o 
A solution of 5.1 g (14 mmol) of (i?,5)-Ar-(tert-butoxycarbonyl)-2-fluoro-4- 
(trifluoromethyl)phenylalanine methyl ester in 350 mL of a mixture of tetrahydrofiiran- 
methanolrIN lithium hydroxide (3:1:1) was stined at 50 »C for 4 h. The reaction was cooled, 
acidified with 5% hydrochloric acid and extracted with ethyl acetate. The combined organic ' 
phases were washed with brine, dried over magnesium sulfate and concentrated in vacuo to give 
the title compound. 

iH NMR (500 MHz. CD3OD): 5 7.45-7.38 (m. 3H). 4.44-4.40 (m. IH). 3.38-3.33 (m. IH), 2.98 
(dd, IH. J = 9.6, 13.5 Hz). 1.44 (s, 9H). 

(3jgV3-r(teyt-ButoxYcarbony1)amino1-4-r2-flnn r o-4-ftrifl.mrnmqthvlVphenvn- 
butanoic acid 

To a solution of 3.4 g (9.7 mmol) of the product from Step C in 60 mL of 
tetrahydrofiiran at 0 "C were added sequentially 2.3 mL (13 mmol) of iV,iV-diisopropylethylamine 
and 1.7 mL (13 mmol) of isobutyl chlorofoimate and the reaction was stined at this temperature 
for 30 mm. A cooled ethereal solution of diazomethane was then added until the yeUow color 
persisted and stirring was continued for a fimher 16 h. The excess diazomethane was quenched 
by dropwise addition of acetic acid, and the reaction was diluted with ethyl acetate and washed 
sequentially with 5% hydrochloric acid, saturated aqueous sodium bicarbonate solution and 
bnne, dried over magnesium sulfate and concentrated in vacuo. Purification by flash 
chromatography (silica gel, 9:1 hexane:ethyl acetate) afforded 0.5 g of diazoketone. To a 
solution of 0.5 g (1.33 mmol) of the diazoketone dissolved in 100 mL of methanol at 0 °C were 
added sequentially 0.7 mL (4 mmol) of iV.iV-diisopropylethylamine and 32 mg (0.13 mmol) of 
silver benzoate. The reaction was stirred for 2 h before diluting with ethyl acetate and washing 
sequentially with 2N hydrochloric acid, saturated aqueous sodium bicarbonate, and brine The 
orgamc phase was dried over magnesium sulfate, concentrated in vacuo and dissolved in 50 mL 
of a mixture of tetrahydrofiiran:methanol:lN aqueous Uthium hydroxide (3:1:1) and stirred at 50 
°C for 3 h. The reaction was cooled, acidified with 5% hydrochloric acid and extracted with 
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ethyl acetate. The combined organic phases were washed with brine, dried over magnesium 
sulfate and concaitrated in vacuo to give the title compound as a white foamy solid. 
iH NMR (500 MEIz, ODaOD): 6 7.47-7.33 (m. 3H), 4.88 (bs, IH), 4.26-3.98 (m. IH), 3.06-3.01 
(m. IH). 2.83-2.77 (m. IH). 2.58-2.50 (m. 2EI), 1.29 (s, 9H). 



15 



INTERMEDIATES 




(3/g)-3-r(rgyt-Butoxvcarbonvnamino1- 4-(2.4.5-trifluoroDhenvnhutanoicacid 



10 Step A : 



(2S, 5 jg)-2,5-Dihvdro-3.6-dimetho xv-2-isopmpvl-5-f 2* .4' .S'trifluorohenTivn- 
pvra2Ane 

The title compound (3.81 g) was prepared from 3.42 g (18.5 mmol) of (25)-2,5- 
dihydro-3,6-dimethoxy-2-isopropylpyrazine and 5 g (22.3 mmol) of 2,4,5-trifluorobenzyl 
bromide using the procedure described for Intermediate 2, Step A. 

iH NMR (500 MHz. CDCI3): 5 7.01 (m. IH), 6.85 (m, IH), 4.22 (m. IH). 3.78 (m, 3H). 3.64 
(m. 3H), 3.61 (m. IH). 3.20 (m, IH). 2.98 (m. IH). 2.20 (m. IH). 0.99 (d. 3H. J = 8 Hz), 0.62 (d, 
3H,J = 8Hz). 



20 



25 



^^^P ^ - (ig)-iV-(fgyt-Butoxvcarbonvn-2.4.5-trifl uorophenvla1aninemethv1 ester 

To a solution of 3.81 g (11.6 nmiol) of (25,5i?)-2,5-dihydro-3,6-dimethoxy-2- 
isopropyl-5-(2',4',5'trifluorobenzyl)pyra2ine in 20 mL of acetonitrile was added 20 mL of 2N 
hydrochloric acid. The reaction was stirred for 72 h and concentrated in vacuo. The residue was 
dissolved in 30 mL of dichloromethane and 10 mL (72 mmol) of triethylamine and 9.68 g (44.8 
mmol) of di-tert-butyl dicarbonate were added. The reaction was stiired for 16 h, diluted with 
ethyl acetate and washed sequentially with IN hydrochloric acid and brine. The organic phase 
was dried over sodium sulfate, concentrated in vacuo and purified by flash chromatography 
(silica gel. 9:1 hexanes:ethyl acetate) to afford the title compound. 
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IH NMR (500 MHz, CDCI3): 5 6.99 (m, IH). 6.94 (xn, IH), 5.08 (m, IH). 4.58 (m. IH). 3 78 
(m, 3H). 3.19 (m, IH), 3.01 (m, IH), 1.41 (s, 9H). 

W-iy-fte/t-Bntoxvcarhnnvn-9,.l,^-triflnoroph.»yioio.^^^ 

The title compound was prepared from 2.41 g (7.5 mmol) of {RyN-itert- 

butoxycarbonyI)-2.4,5-trifluorophe„ylalamne methyl ester using the procedure described for 
Intermediate 2, Step C. 

LC-MS 220.9 (M+1 - BOC). 

m-34(fe/t-Rntoxycarbony1)«mino1-4-f2.4.5-triflnnr»p Wy^^^^^^^ 
To a solution of 0.37 g (1.16 mmol) of (/?)-iV-(te,t-butoxycarbonyl).2,4 5- 
tnfluorophenylalanine in 10 mL of diethyl ether at -20 «>C were added sequentially 0.193 mL (1 3 
rmnoO of Methylamine and 0.18 mL (1.3 mmol) of isobutyl chloroformate, and the reaction was 

T 1^ A ^^'-^ ethereal solution of diazomethane was then 

added unul the yellow color persisted and stirring was continued for a further 1 h. The excess 
dxazornethane was quenched by dropwise addition of acetic acid, and the reaction was diluted 
wrA ethyl acetate and washed sequentially with saturated aqueous sodium bicarbonate solution 
and brme, dned over magnesimn sulfate and concentrated in vacuo. Purification by flash 
chromatography (siUca gel, 3:1 hexane.ethyl acetate) afforded 0.36 g of diazoketone To a 
solutionof0.35g(1.15mmol)of the diazoketone dissolved in 12mLof 1,4-dioxane: water (51) 

added 26 mg (0. 1 13 mmol) of silver benzoate. The resultant solution was sonicated for 2 h 
before dilutmg with ethyl acetate and washing sequentially with IN hydrochloric acid and brine 
drying over magnesium sulfate and concentrating in vacuo. Purification by flash 

chromatography (silica gel, 97:2:1 dichloromethane:methanol:acetic acid) afforded the title 
compound. 

IH NMR (500 MHz, CDCI3): 5 7.06 (m. IH), 6.95 (m. IH), 5.06 (bs, IH), 4. 18 (m. IH). 2 98 
(m. 2H), 2.61 (m, 2H), 1.39 (s, 9H). 
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INTERMEDTATP zi 




OH 



(3/g)-4-(2-Bromo-4,5-difluorophen vl)-3-ra^^ - h i it oxvcarhnT,vn^m ino1-hiitflnn.r.^^^ 

To a solution of 2.4 g (10 mmol) of 2-bromo-4,5-difluorobenzoic acid [prepared 
according to the procedure of Braish et al., Sj^LCoinm., 3067-3074 (1992)] in 75 mL of 
tetrahydiofuran was added 2.43 g (15 mmol) of l,r-carbonyldiiimdazole. The solution was 
heated under reflux for 3.5 h. cooled to ambient temperature and 0.38 g (10 mmol) of sodimn 
borohydride in 15 mL of water was added. The reaction was stirred for 10 min and partitioned 
between ethyl acetate and 10% aqueous sodium bicarbonate solution: The organic layer was 
washed twice with warm water, brine, dried over magnesium sulfate, and concentrated in vacuo 
Purification by flash chromatography (siUca gel, 4:1 hexane:ethyl acetate) afforded 1.9 g of 2- 
bromo-4,5-difluoroben2yl alcohol. To a solution of 1.9 g (8.4 mmol) of 2-bromo-4,5- 
difluorobenzyl alcohol in 30 mL of dichloromethane at 0 °C was added 3.4 g (10 minol) of 
carbon tetrabromide and 2.7 g (10 mmol) of tiiphenylphosphine. The reaction was stirred for 2 h 
at this temperature, the solvent was removed in vacuo and the residue stirred wifli 100 mL of 
diethyl ether. The solution was filtered, concentrated in vacuo, and purified by flash 
chromatography (siUca gel, 20: 1 hexane:ethyl acetate) to afford 2.9 g of 2-bromo-4,5- 
difluorobenzyl bromide contaminated with carbon tetrabromide which was used wiihout further 
punfication. Using the procedures outlined for the preparation of Intermediates 1-3, the benzyl 
bromide derivative was converted to the titie compound. 
LC/MS 394 and 396 (M+1). 



Essentially foUowing tiie procedures outiined for the preparation of Intermediates 
1-4, the Intermediates in Table 1 were prepared. 
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TABLE 1 




Litennediate 


R3 


Selected 'h NMR data (CD^OD^ 


5 


2-F,4-CI,5-F 


7.11 (dd, 1 H, J = 8.9, 6.4 Hz), 7.03 (dd 1 
H, J = 9.0, 6.6) 


6 


2-F,5-Cl 


7.27 (dd. 1 H, J = 6.4, 2.5 Hz), 7.21 (m. 1 
xi^, / .uj 1 Jti, J = y .2 Hz) 


7 


2-Me,5-Cl 


7.16 (d, 1 H, J = 1.8 Hz), 7.11-7.07 (m, 2 
H), 2.34 Cs, 3 H) 


8 


2-Cl,5-Cl 


7.34 (d, 1 H, J = 9.0), 7.33 (d, 1 H, J = 2.1 
Hz), 7.21 fdd. 1 a J - 8.5. 2.5 Hz) 


9 


2-F,3-Cl,6-F 


7.35 (td, 1 H, J = 8.5, 5.8 Hz), 6.95 (t, 1 
H, J = 8.5 Hz) 


10 


3-C1.4-F 


7.33 (d, 1 H, J = 6.9 Hz), 7.19-7.11 (m, 2 
H) 


11 


2-F,3-F,6-F 


7.18-7.12 (m. 1 H), 6.91 (m. 1 H> 


12 


2-F.4-F.6-F 


6.81 (t. 2 H. J = 8.4 Hz) 


13 


2-OCH2Ph,5-F 


7.49 (d, 2 H, J = 7.6 Hz), 7.38 (t, 2 H, J = 
7.3 Hz), 7.30 (t, 1 H, J = 7.3 Hz), 6.96- 
6.89 (m, 3 H), 5.11 (d, 1 H. J = 11.7 Hz), 
5.08(d.lH.J=11.9 Hz) 
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EXAMPT.P. 1 




Ethyl 7-r(3/?)-3-amino-4-(2.5.<iif,non>phenvnhnt.„..n-. . . o .tetr.hvH..,»,.H...p o 
aTpvrazine-2-carboxv1ir ..rtH . trifluomar^hV 0^,1^ 

^^^^ Ethyl imida7.ori.2-fl1nvn.ym^-?,-carboxvTate 

. u , ^ °^ 2-aininopyra2ine (1.0 g. 10.5 mmol) in dioxane (25 mL) was 

added ethyl 3-bromo-2-ketopropionate (2 0 e 10 5 mmon Th. r^L- . 

. - . f F «tc v^.u g, 1U.D mmol). The reaction was stirred at 50 °C for 

16h. The~wa.fite,eda„dftesolidwa.washedwitt,,wopo«io„s<rfeayl.c«ate Ita 

TcT / " ■^"'^ ^"-^ ^ "--^ 

was concemrated and partiaoned between etoyl acetate and satttrated aqueous sodium 
btcaAonate. The aqueous phase was extracted with three portions of ethyl acetate Ito 
earned orgamcs wete washed with brine, dried over magnesium sulfate, and concentrated. 
Pur^cahon by chromatography (Biotage system, silica gel. ethyl acetate then 10% 
methanol/ethyl acetate) gave the title compound as a solid. 

WWI ?,6.7.ii.tetn.hvdminn.d,,„ f 1 ,->-,1pvr»7fn..9-.,,K„,y,,.- 

2Rn , ,0/ "f"^ °* 1-9 gof ethyl imida2o[l>a]pymzine-2..carboxylate (Step A) and 
280 mg of 10% pauadium on carbon was stined under an atmosphete of hyXogJ; ovemi^ 
The nnxture was iilteted through a pad of CeHte and the filtrate concentra^ Llicatiofby 
flash Chromatography on a Biotage® system (siUca gel. eluting with 50% e«,yl acetate^'I 
ethyl acetate. 10% methanol/ethy, acetate and80.15:l cMorofonn/me«>a„o,/lmoZJ 
hydroxide) gave the title compound. 

^ g'^V^^-f(3/^VV^fr.r,-^Mt ox y r^ arbon vl>amino 1■ 4 - (^ 5-dif■,■^r K„,,l^K...■^,■.„ 
;.«,7.8-letrahvdroiinirta^^fl ,7-„ 1p vra„w.r»A^vyi.,. 

■^""'"'"""■"""Omg (0.768 mmol) of ethyl 5.6.7.8-tetrahydromndazori 2- 
-.Jpyrazme-a^atboxylate (Step B) and 242 mg (0.768 mmol) of (3«)-3.(( J- 
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butoxycart,onyl)annno]-4-(2.5-difluoiophenyl)butanoic acid (Intennediate 1) in 65 mL of DMF 
was added 125 mg (0.922 nimol) of HOBT and 177 mg (0.922 mmol) of EDC. The resultant 
mixture was stirred at ambient temperature for 14 h. and then partitioned between ethyl acetate 
and saturated aqueous sodium bicarbonate solution. The aqueous phase was extracted with three 
portions of ethyl acetate. The combined organic phases were washed with brine, dried over 
magnesium sulfate, and concentrated. Purification by flash chromatography on a Biotage® 
system (silica gel, eluting with 50% ethyl acetate^exane, ethyl acetate, and 10% methanol/ethyl 
acetate) gave the title compound. 

^^^^ Ethyl 7-r(3/;V3-amiiio-4-r7. S-H. fiuon>nheTivnhntanovl1-5.fi,7 «- 

tetrahydroimida7,ori,2-alpvra7,ine-2-carhoxv1pt^ , t rifluoroacerir ^HH c.it 
To a solution of 28 mg of ethyl 7-[(3i?)-3-[(fe^t-butoxycarbonyl)amino]-4-(2 5- 
difluorophenyl)butanoyl]-5,6 J,8-tetrahydroimidazo[l,2-a]pyrazine-2-carboxyl^^^ in 0.5 ml^ of 
dichloromethane was added 0.5 mL of trifluoroacetic acid. The reaction mixture was stirred at 
ambient temperature for 1.5 h. Concentration gave the title compound as a solid. LC/MS 393 
(M+1). 



EXAMPT^P. r 




razine-2- 



■TFA 

7-r(3jg)-3-Amino-4-(2,5-diflnornDhenvnhnf«nnY i l-5.6.7 S-tetr5.hY ^oiTnid«zori 
carboxvlic acid, triflnnr oacetic acid salt 

To a solution of 165 mg (0.335 mmol) of ethyl 7-[(3/?)-3-[(tert- 

butoxycarbonyl)amino]-4-(2,5-difluorophenyl)butanoyl]-5,6.7.8-tetrahydn>imida2o[12- 
a]pyrazme-2-carboxylate (Example 1 , Step C) in 2 mL of tetrahydrofuran and 2 mL of water was 
added lithium hydroxide (24 mg, 1.01 mmol). The reaction mixture was stirred at ambient 
temperature for 14 h. It was then concentrated and partitioned between ethyl acetate and 2N 
aqueous hydrochloric acid. The aqueous phase was washed sequentiaUy with three portions of 
ethyl acetate. Concentration of the aqueous phase provided the tide compound, which was 
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10 



15 



25 



^^r'T;^^ ^'"''^ ^-'^'^ -^^^-^ wi* 0.1% 

TFA) to give the title compound. LC/MS 365 (M+1). 

EXAMPT.K 1 




'2HCI 



7-r(3/?)-3-ATnin<v4-(7.,5-diflnorophrnv^^^^^ 

a1PVrazine-2-carboxaTniHft,Hihvdroch1nr;rf«. 

7-r(3/g)-34(^^r.-Rntoxvcarhony])aminol-4-r2.5-difl„»».p .,^,.nbut«.ovn 
tetrahydroimidazon ■2-/7lpvr..., ne-2-cflrhnvY iin 

To a solution of 295 mg (0.6 mmol) of ethyl 7-[(3/J)-3-[(tert- 

butoxycarbonyl)amino]-4-(2,5-difluorophenyl)butanoyl].5,6J,8-^^^^ 

^pyrazme-2-c^boxylate (Example 1, Step C) in 4 mL of tetrahydrofuran and 4 mL oi water was 
forl4h. It was then concentrated toavolume of approximately4mL. Acetic acid (0173 mL) 

to ^Tc^ rr ' "^'^ -ncentrated 

to provide the title compound as a white solid. 



20 Step B 



iy,A^-Dimethvl-7-rf3;?vq-rr.^w-K„toxvnarhonYi>ar^;^^] ^ p 5 
difluorophenvl)bntannvn-5,6 7 R-f^*r^^y ^imi^^^^p ?--^^^-''nr 
carboxamidft 

4 « , H „ ? " T'^"" "^^'^ o"-[(3«)-3.[(tert-b»tox5^rtK»,yl)amto„]. 

wi wT, f'^^"^ Of cU„emytoi.» m ,e.r.hydn*m„ ta 1 1 of DMF 

w^added 17.5 mg (0. 13 mmol) of HOBT and 24.9 mg (0.13 mmol) ofBDC. He ^o„ 
mature was .toad a. ambien. .emperan,^ for 18 h and ften concentrated. PurificaMon by 
ctaomatography (B.omge system, silica gel. eluUng sequentiaUy with etliyl acetate, 10% 
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10 



15 



methanoVethyl acetate, and 10% methanol/dichloiomethane) provided the title compound as a 
white solid. 

^JSElCi 74f3JgV3-Ainino-4-(2.5-di fIuoronhenvnbutanovl1-iV:Ar -dimftfhYi-*;,/;,'7,g- 
tetrahvdroimidazori^-^1pvrazine- ? .-carboxamide.dihvdroch1oridf> 
A solution of 22 mg of Ar,iV'-dimethyl-7-[(31?)-3-[(te/t-butoxycart>onyl)aniino]-4- 

(2,5-difluorophenyl)butanoyl]-5,6,73-tetrahydroimidazo[l,2-a]pyrazine-2-K:arboxaim 

in saturated methanolic hydrogen chloride was stirred at ambient temperature for 1 h. 

Concentration gave the title compound as a white solid. LC/MS 392 (M+1). 

EXAMPT.P.4 




'TFA 



CONH2 



74(3jg)-3-Amino-4-(2,5-difluorophenvl^hutanovl1-5.6.7.R - tetrahvdroimiHazori.2-a1p vra7iTift-^^^ 
carboxamide. trifluoroacetic acid salt 



^*^P ^' 7-r(3j;)-3-r(ten-Butoxvcarbonvnamin o 1-4-f2.5-difluorQp hen Yl>hutanovn-5.6.7.8- 
tetrahvdi^iiniHa7;ori.2-fl!l pvrazine-2-ca rhnxamidft 

A solution of 100 mg of ethyl 7-[(3/?)-3-[(rert-butoxycarbonyl)amino]-4-(2,5- 
difluorophenyl)butanoyl]-5,6J,8-tetnihydroimidazo[l,2-a]pyrazinel2K;arboxylate (Example 
20 Step C) in 3.5 noL of concentrated ammonium hydroxide was heated in a sealed tube at 100 "C 
for 6 h. The reaction mixture was concentrated in vacuo and purified by chromatography 
(Biotage system. siHca gel, 10% methanol/ethyl acetate) to give the title compound. 

^^EJB: 7-r(3j?)-3-Amino-4-(2,5-difluoroDheTivnhiitfl n ovn-5.6.7.8-te«iahvdrQiTnidarnf 1 ,9- 

25 a1pvra2ine-2-carbQxar aide. trifluoroacetic acid salt 

To a solution of 26 mg of 7-[(3i?)-3-[ae/t-butoxycarbonyl)amino]-4-(2,5- 
difluorophenyl)butanoyl]-5,6.7,8-tetrahydroimidazo[l,2-a]pyrazine-2-carboxamide (Step A) in 
0.4 mL of dichloromethane was added 0.4 mL of trifluoroacetic acid. The reaction mixture was 



-60- 



wo 2004/058266 



PCT/US2003/040114 



Stirred at ambient temperature for 1 h and then concentrated to provide the tifle compound as a 
foamy solid. 



EXAMPUE5 




TFA 



7-r(3/;)-3-Amino-4-f2.4.5-trifluoroph ft nvnbutanov11-2-ftrifliiornqcetvlamino->-:Sfi , 7 , «- 
tetrahvdroimidazori.2^lDvrazine. tiifluoroacerin aHH gglt 

4-Methvl-iV^raE)-Dvra2ine-2n g)-vlidene1hftiizenesulfonafnidP. 

To a solution of 2-aminopyrazine (5.00 g, 52.5 mmol) in pyridine (40 mL) was 
added p-toluenesulfonyl chloride (11.0 g. 57.8 mmol). The reaction was stirred at ambient 
temperature for 80 min. After the pyridine was evaporated under vacuum, 0.5 L of water was 
added and the mixture was stirred at ambient temperature for 1 h. The reaction was filtered and 
the solid was washed sequentially with one portion of water and two portions of diethyl etiier. 
The solid was dried under vacuum to give the title compound which was directly used in the next 
step without fiirther purification. LC/MS 250 (M+1). 

^^P ^' 2-f(2F)-24r(4-MethvlphenvnsulfonvniTiii polpwa7in-U2/r)-vnacetemidP. 

To a suspension of 4.50 g (18.1 mmol) of 4-metiiyl-iV-[(2£)-pyrazine-2(lJS)- 
yUdene]benzenesulfonamide (Step A) in 30 mL of iV.iV-dimethylformamide was added 3.46 mL 
(19.9 mmol) of diisopropylethylamine and 3.67 g (19.9 mmol) of iodoacetamide. After the 
reaction was stirred at ambient temperature for 28 h, the mixture was poured into 20 mL of water 
and stirred for 100 min. The reaction mixture was filtered and the solid was washed sequentially 
with 200 mL of water and 100 mL of diethyl ether to afford the title compound as a soHd. 

^^P ^' 2,2,2-Trifluoro-jV-imida2o ri.2w2lp vrag:i n-2-v1acfttflTnirift 

To a solution of 1.0 g (3.26 mmol) of 2-[(2£)-2-[[(4- 
metiiylphenyl)sulfonyl]imino]pyrazin-l(2/0-yl]acetamide (Step B) in 15 mL of dichloromethane 
was added 6 mL of tiifluoroacetic anhydride. After tiie reaction was refluxed for 6 h, the solvent 
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was evaporated and 30 mL of ethyl acetate was added. The mixture was filtered and the solid 
was washed with ethyl acetate to give the title compound as a solid. 1h NMR (500 MHz, 
DMSO-d6): 5 9.13 (s, IH), 8.62 (d, IH), 8.38 (s, IH), 8.08 (d, IHL). 

StepD: 2.2,2-Trifluoro-iy-f5,6.7,8-tetrahvdroimidazori.2-fl1pvrazin-2-Y na^^^^ 

The title compound was prepared from 2,2,2-trifluoro-iV-imidazo[l,2-a]pyrazin-2- 
ylacetamide (Step C) using a procedure analogous to that of Example 1, Step B. 

StepE: 7-r(3jgV3~r (^grr-ButoxvcarbonvnaniinoV4-(2,4,5--trifluorophenvnbutanovll-^^ 
(trifluoroacetvlaminoV5.6,7,8-tetrahvdroirDida2ori,2-a1pvrazine 
The title compound was prepared from 2,2,2-trifluoro-iV-(5,6,7,8- 

tetrahydroimidazo[l,2-a]pyrazin-2-yl)acetamide (Step D) and (3/?)-3-[(rerf- 

butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3) using a procedure 

analogous to that of Example 1, Step C. LC/MS 550 (M+1). 

Step F: 7"rGjRV3- Aniino-4-(2,4,5-trifluorot>henvnbutanovlV2-ftrifluoroacet v^ 
5,6.7.8-tetrahvdroi midazori.2-g1pvrazine, trifluoroacetic acid salt 
The title compound was prepared from 7-[(3/2)-3-[(f^rf-butoxycarbonyl)amino]-4- 

(2,4,5-trifluorophenyl)butanoyl]-2-(trifluoroacetylaimno)-5,6J,8-tetrah 

alpyrazine (from Step E) using a procedure analogous to that of Example 1, Step D. LC/MS 450 
(M+1). 

EXAMPLE 6 




3-Andno-7-r(3/gV3-amino>4-(2.4,5-difluorophenvnbutanovl1-2-cvclopropvl-5.6.7^ 
tetrahvdroimidazorL2-a1pvrazine, trifluoroacetic acid salt 



-62- 



wo 2004/058266 



PCT/US2003/040114 



^^SBAi 2-CVclopropYWl-isopmnvl-33-dimefhvlhi itvl)imidazori.2-fl1pvr^^^^ 

To a solution of 2-aminopyrazine (1.13 g, 11.9 mmol) in methanol (12 mL) and 
dichloromethane (12 mL) was added 1,1^,3-tetramethylbutyl isocyanide (2.50 mL, 14.3 mmol), 
cyclopropanecarboxaldehyde (1.00 g, 14.3 mmol) and scandium triflate (292 mg, 0.595 mmol). ' 
The reaction was stirred at ambient temperature for 24 h. The reaction mixture was concentrated 
under vacuum and purified by flash chromatography (silica gel, 100% dichloromethane then 10% 
methanol in dichloromethane) to afford the title compound as a solid. LCYMS 287 (M+1). 

2-Cvclopropvl-jV-( 1.1.3.3-te< TamethvlhutvlV5.6.7.8-tetnihvdroimidazon .2- 
alpvrazin-3-aTninft 

The title compound was prepared from 2-cyclopropyl-iV-(l-isopropyl-3,3- 
dimethylbutyl)imidazo[l,2-a]pyra2in-3-amine (Step A) using a procedure analogous to that of 
Example 1, StepB. LC/MS 291 (M+1). 

7-r(3ig)-3-r(terf-Butoxvcarhonvnamino1-4- (2.4.5-trifluorophenvnhntaTiovl1-?- 

cyclopropvl-34(ia33-tetramethvlhutvn? a mno1-5.6.7.8-tetrahvdroimidfly.nri ,7- 
glpvrazine 

The title compound was prepared from 2-cyclopropyl-^-(l, 1,3,3- 
tetramethylbutyl)-5,6,7,8-tetrahydroimidazo[l,2-a]pyrazin-3-amine (StepB) and (3R)-3-[(tert- 
butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3) using a procedure 
analogous to that of Example 1, Step C. LCTMS 606 (M+1). 

^^^P 3-Amino-7-r(3jg)-3-amino-4-f2.4.5-trifl u orophenvl) h utanovll-2-cvclopropvl- 
5,6,7,8-tetrahvdroimidazori.2-fl!l pvrazine. trifl uoroacetir. anid salt 
To a solution of 35.0 mg of 7-[(3/?)-3-[(ferr-butoxycarbonyl)amino]-4-(2,4,5- 
trifluorophenyl)butanoyl]-2-cyclopropyl-3-[(l,l,3,3-tetramethylbutyl)amino]-5,6,7,8- 
tetrahydroimidazo[l,2-a]pyrazine (Step C) in 1 mL of dichloromethane was added 1 mL of 
trifluoroacetic acid. The reaction was stirred at ambient temperature for 1 h. The mixture was 
concentrated and purified by reverse-phase HPLC (YMC Pro-C18 column, gradient elution, 10- 
30% acetonitrile/water with 0.1% TFA) to give the title compound as a solid. LC/MS 394 ' 
(M+1). 
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EXAMPLE? 




CF3 



74f3j?V3--Ainino-4-(2.4,5-trifluorophenvnbutanovl1--2-cvclopropvl-3-(2.2,^ 
trifluoroacetvlariadnoV5,6.7.8-tetrah vdrQimi dazori,2-a1pvr^^ trifluoroacetic acid salt 

5 

Step A: 2-Cvclopropvlimidazori,2-a1pvrazin'-3-amine 

To a solution of 1.50 g (8.06 mmol) of 2-cyclopropyl-iV-(l-isopropyl-33- 
dimethylbutyl)imidazo[l,2-a]pyra2in--3-ainine (Example 6, Step A) in 4 mL of dichloromethane 
was added 4 mL of trifluoroacetic acid and the reaction was stirred at ambient temperature for 1 
10 h. The mixture was concentrated in vacuo to give the title compound as a viscous oil. LC/MS 
175 (M+1). 



Step B: A^-(2-(>clopropvlimidazori.2-fl1pvrazin->3-vlV2,2,2-triflu o^ 

To a solution of 350 mg (1.22 mmol) of 2K:yclopropylimidazo[l,2-a]pyrazin-3- 
15 amine (Step A) in 5 mL of dichloromethane at 0 ""C was added pyridine (0.628 mL, 7.29 mmol) 

and trifluoroacetic anhydride (0.513 mL, 3.65 mmol). The reaction was stirred at 0 ""C for 1 h. 

After the mixture was concentrated at 0 °C under vacuum, 1 mL of ice-cold water was added. 

The reaction mixture was then purified by reverse-phase HPLC (YMC Pro-CIS column, gradient 

elution, 10-90% acetonitrile/water with 0.1% TEA) to afford the title compound as a solid, 
20 LC/MS 271 (M+1). 

Step C: //-(2-Cvclopropvl-5.6.7,8-tetrahvdroimidazori,2-a1pvrazin-3-vn-2.2.2- 
trifluoroacetamide 

The title compound was prepared from iV-(2-cyclopropylimidazo[l,2-a]pyrazin-3- 
25 yl)-2,2,2-trifluoroacetamide (Step B) using a procedure analogous to that of Example 1, Step B. 
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^*^P^- 7-r(3jg)-3-r(rg/t-ButoxvcarboTivnflTninn] -4-f2.4.5-frtfluorophenvnbutanovn-2- 

CYclopropvl-3-(2,2.2-trifluoroacetvlaT mnoV5.6.7 «-tetrahvdroirnida7.nr ^ ?- 
alpvrazine 

The title compound was prepared ficom iV-(2-cyclopiopyl-5,6,7,8- 
tetrahydK)imidazo[l,2-a]pyrazin-3-yl)-2,2^-trifluoroacetaM (Step Q and (3«)-3-[(tert- 
butoxycarbonyl)amino]-4-(2.4,5-trifluorophenyl)butanoic acid (Intennediate 3) using a procedure 
analogous to that of Example 1, Step C. LC/MS 590 (M+1). 

7-r(3j?V3-Amino-4-(2.4. 5-trifluorophenvl^butaT^r>vn-2-cvcloproDvl-3-f2.2.2- 
trifluoroacetvlaminoV5.6.7.8-tetrahvd roimida7:on ^-alpvrazine. trifluoroacetic 
acid salt 

The title compound was prepared from 7-[(3/?)-3-[(ferf-butoxylcarbonyl)amino]- 
4-(2,4,5-trifluorophenyl)butanoyl]-2-cyclopropyl-3-(2,2,2-tiifluoroacetylamino)-5,6,7,8- 
tetrahydroimidazo[l,2-a]pyrazine(from Step D) using a procedure analogous to that of Example 
1, Step D. IXTMS 490 (M+1). 



EXAMPLES 

F 




Ethyl 7-r(3/g)-3-a mino-4-(2,4,S-t ri fl uo r op h envnbutanovn-5.6.7.8-tetrahvdrori.2.41tria7nlof4, ^- 
a1pvra2ine- 3-carboxvlate.hvdroch1nri<^ft 

Step A: Eth vl oxof 2-pvrazin-2-vlhvdrazinQ^acetate 

To a mixture of 2.38 g (21.6 mmol) of 2-hydrazinopyrazine and 2.41 g (3.32 mL, 
23.8 mmol) of triethylamine in 50 mL of acetonitrile was added 3.25 g (2.66 mL, 23.8 mmol) of 
ethyl chloro(oxo)acetate at 0 °C. The reaction mixture was stirred at ambient temperature for 18 
h, and then partitioned between aqueous sodium bicarbonate solution and ethyl acetate. The 
aqueous phase was extracted with three portions of ethyl acetate. The combined organic phases 
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were washed with brine, dried over magnesium sulfate, and concentrated to give the title 
compound. LCTMS 211 (M+1). 

Step B: Ethvl ri,2,41triazolor4,3-g1pvrazine-3-carboxvlate 
5 To a solution of 521 mg (2.48 nraiol) of ethyl oxo(2-pyrazin-2- 

ylhydrazino)acetate from Step A in 10 mL of toluene was added 20 mg of /7-toluenesulfonic acid. 
The mixture was heated at reflux for 18 h. The reaction mixture was washed with aqueous 
sodium bicarbonate solution. The aqueous phase was extracted with three portions of ethyl 
acetate. The combined organic phases were washed with brine, dried over magnesium sulfate, 
10 and concentrated to give the title compound. LC/MS 192.9 (M+1). 

StepC: Ethvl 5.6J.8-tetrahvdrori.2,41triazolor4,3-a1pvrazine~3-carboxylate 

A mixture of 380 mg of ethyl [l,2,4]triazolo[4,3-a]pyrazine-3-carboxylate from 
Step B and 50 mg of 10% palladium on carbon in 10 mL of ethyl acetate and 10 mL of ethanol 
15 was stirred under an atmosphere of hydrogen for 18 h. The mixture was filtered through a pad of 
Celite and tiie filtrate concentrated to give the title compound as a solid. LC/MS 169 (M+1). 

StepD: Ethvl 7-rGj?V3-r(terf-butoxvcarbonY nflmiTin]-4 -a,4,5-trifluorophe^^^^ 

5.6.7.8-tetrahvdrori.2,41triazolor4.3-^1pvrazine-3-carboxvlate 
20 A 264 mg (1.35 mmol) portion of ethyl 5,6,7,8-tetrahydro[l,2,4]triazolo[4,3- 

a]pyrazine-3-carboxylate from Step C was coupled to (3iif)-3-[(r€rf-butoxycarbonyl)amino]-4- 
(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3) essentially following the procedure outlined 
in Example 1, Step C. Purification by flash chromatography on a Biotage® system (silica gel, 
eluting with 5% methanol/dichloromethane) gave the title compound. LC/MS 456 (M+l-tBu). 

25 

StepE: Ethvl 7~rf3J^V3-aniino>4-(2A5-trifluorophenvnbutanovl1-5.6.7.8- 

tetrahvdrori.2.41triazolor43-a1Pvrazine-3-carboxvIate, hvdrochloride 

A 10 mg portion of ethyl 7-[(3i?)"3-[(rerr-butoxycarbonyl)amino]-4-(2,4,5- 

trifluorophenyl)butanoyl]~5,6,7,8-tetrahydro[l,2,4]triazolo[4,3-a]pyrazine~3-carboxylate from 
30 Step D was deprotected essentially following the procedure outlined in Example 3, Step C to 

provide the title compound. LC/MS 412 (M+1). 
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EXAMPLE 9 




N 

Me 

O H 

Ar-(rgrr-Butvn-7-r(3/gV3-amino-4-(2.4.5-trifluorophenvnbutanovn-5.6.7.8- 
tetrahvdrori ■2.41triazolor4.3-a1pvra2ine-3-carboxarnide. hydrochloride 

5 

Step A: iy-fteyt-BuM)ri^.41tria2olor4.3-a1pvrazine-3-cartK>xainide 

A mixture of 170 mg of ethyl [l,2,4]triazolo[4,3-a]pyrazine-3-carboxylate from 
Example 8, Step B and 3 mL of ferf-butylamine was heated in a sealed tube at reflux for 8 h. 
Concentration followed by flash chromatography (silica gel, eluting sequentially with 100% ethyl 
10 acetate and 10% methanol/dichloromethane) gave the title compound as a >dscous oil. LC/MS 
219.9 (M+1). 

Step B: jV-(feyt-ButvlV5.6.7.8-tetrahvdrori.2.41tria2olor4.3-alpvra2ine-3-carboxamide 
A mixture from 167 mg of iV-(?e/t-butyl)[l,2,4]triazolo[4,3-a]pyrazine-3- 
15 carboxamide from Step A and 20 mg of 10% palladium on carbon in 3 mL of ethanol was stirred 
under an atmosphere of hydrogen for 18 h. The mixture was filtered through a pad of Celite and 
the filtrate concentrated to give the title compound as a solid. *H NMR (CDCI3): 5 7.22 (IH, s), 
4.43 (2H, t, J = 5.5 Hz). 4.32 (2H, s), 3.27 (2H, t, J = 5.5 Hz), 2.05 (IH, br), 1.48 (9H, s). 

20 Step C: JV-(tert-Butvn-7-rf3jg'>-3-r(te7t-butoxvcarbonvnaminol-4-f2.4.5- 

trifluorophenvnbutanovl1-5.6.7.8-tetrahvdrori.2.41triazolor4.3-fl1pvrazine-3- 
carboxamide 

A 32 mg (0.14 nnmol) portion of iV-(ferr-butyl)-5,6,7.8- 
tetrahydro[l,2,4]tiiazolo[4,3-a]pyrazine-3-carboxamide from Step B was coupled to (3jR)-3- 
25 [(teAt-butoxycaibonyl)amino]-4-(2,4,5-tiifluorophenyl)butanoic acid (Intennediate 3) essentially 
following the procedure outlined in Example 1, Step C. Purification by preparative TLC (silica 
gel, 10% methanol/dichloromethane) gave the tifle compound. LCVMS 483.1 (M+l-tBu). 
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StepD: Ar-(tert-BuWlV7-r(3jgV3-am ino-4-(2.4.5-trifluorophenvnbtttanovl1-5.6.7.«- 
tetrahvdrori.2.41triazolor43-fl1pv ra2ine-3-carh nxflmiHft. hy drochloride 
A 63 mg portion of i\Ktert-butyl)-7-[(3/?)-3-[(fm-butoxycarbonyl)ainino]-4- 

(2A5-trifluorophenyl)butanoyl]-5,6J,8-tetrahydix>[l,2,4]triazolo[43-a]pyrazine-3^^ 

from Step C was deprotected essentially following the procedure outlined in Example 3, Step C 

to provide the tifle compound. LCVMS 439 (M+l). 

EXAMPLE 10 




CI 

Ethvl7-rr3JgV3-amino- 4-(2.4.5-trifluorophenvnbutanovn-3-chloro-5.6.7.8- 
tetrahvdn>imidazori.2-alpvrazin e-2-carboxvlate. trifluoroacetic acid salt 

Step A: Ethvl 7-(tey t-butoxvcart)onvlV-5.6.7.8-tetrahvdroimidazori .2-alpvrazine-2- 

carboxvlate 

To ethyl 5,6,7,8-tetrahydroimidazo[l,2-a]pyrazine-2-carboxylate (Example 1, 
Step B, 23.8 g, 122 mmol) in 400 mL of dichloromethane was added di-ferf-butyl dicarbonate 
(29.3 g, 134 mmol). The reaction mixture was stirred at ambient temperature for 2 h then 
concentrated in vacuo. Purification by flash chromatography (silica gel, gradient elution, 70% 
ethyl acetate/hexane to 100% ethyl acetate to 10% methanol/ethyl acetate) afforded the title 
compound. 

Step B: Ethvl 7-ffer f-butoxvcarbonvlV3-chloro-5.6.7.8-te trahvdmiTni dazori.2-fllpvrazine- 

2-carboxvlate 

To a solution of ethyl 7-(r<2rr-butoxycarbonyl)- 5,6J,8-tetrahydroimidazo[l,2- 
a]pyra2ine-2-carboxylate (4.28 g, 14.5 mmol) from Step A in 100 mL of carbon tetrachloride 
was added iV^-chlorosuccinimide (2.325 g, 17.4 mmol) and benzoyl peroxide (50 mg, 0.2 mmol) 
sequentially. The reaction was stirred at reflux for 1 h. The reaction mixtate was cooled to 0 °C, 
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filtered, and the soHd was washed with two 25-mL portions of dichloromethane. The solvent 
was concentrated in vacuo. Purification by flash chromatography on a Biotage® system (silica 
gel. gradient. 50 % ethyl acetate/hexane to 100 % ethyl acetate) afforded the title compound 



Ethyl 3-chIoro-5,6 J,8-tetrahvdroimidazori 9-^1p ^ne-2-rarhnvY i»f^, 
trifluoroacetic acid salt 

To a solution of 180 mg of ethyl 7-(terr-butoxycarbonyl)-3-chloio-5.6,7.8- 
tetrahydroimidazo[1.2-a]pyrazine-2-carboxylate from Step B in 5 mL of dichlorometfi^e was 
added 5 mL of trifluoroacetic acid. The reaction mixture was stiixed at ambient temperature for 
1.5 h. Concentration gave the title compound. 

Ethyl 7-r(3/?)-3-r(terr-butoxvcarbonvnamino1-4-0 4 ^ - trifluornp h.nyl>Knt.»»yi^_ 
3-chloro-5,6,7,8-tetrahvdroimida2on 9,-^]p yra2ine-2-carhnvY i«t>. 
To a solution of ethyl 3-chloro-5.6.7.8.tetrahydroimidazo[l,2-a]pyrazine-2- 
carboxylate, trifluoroacetic acid salt (185 mg. 0.54 mmol) with (3i?)-3-[(re/t- 
butoxycarbonyl)amino]-4-(2,4.5-trifluQrophenyl)butanoic acid (95 mg. 0.30 mmol) and N,N- 
diisopropylethylamine (DIEA) (0.188 mL. 1.1 mmol) in 8 mL of dichloromethane was added 
HOAT (41 mg. 0.30 mmol) and HATU (1 13 mg. 0.30 mmol). The reaction mixture was stiixed 
at ambient temperature for 12 h. The reaction mixture was filtered though a plug of PSA resin 
(200 mg; Varian MEGA BOND ELUT, PSA) and the resin washed with 10 mL of a 10% 
methanol/dichloromethane solution. The filtrate was concentrated m vac«c. Purification by 
reverse phase HPLC (YMC Pro-C18 column, gradient elution. 10-90% acetonitrile/water with 
0.1% TFA) afforded title compound as a white foam. 

Ethyl 7-rf3/?)-3-amino-4-(2,4.5-trifluomp hPT,vnh, ,taTiov11-3-r.hlnrn-^ ,A, 'y g- 
tetrahydroimidazori,2-a1pvra7,ine-2-carhnxvl«t^ . trifluornarp.tir ^hh ..u 
To a solution of ethyl 7-[(3/?)-3-[(fm-butoxylcarbonyl)amino]-4-(2 4 5- 
trifluorophenyl)butanoyl]-3^hloro-5.6,7.8-tetrahydroimidazo[l,2-a]pyrazine-2-carbo^^^ 
mg, 0.012 mmol) in 1 mL of dichloromethane was added 1 mL of trifluoroacetic acid The 
reaction mixture was stirred at ambient temperature for 0.5 h and concentrated in vacuo 
Purification by HPLC (YMC Pro-C18 column, gradient elution. 10-90% acetonitrile/water with 
0.1% TFA) provided the title compound as a white foam. MS 445.2 (M+1). 
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EXAMPLE 11 




7-r(3/gV3-Anuno-4-(2.4.5- trinuorophenvl')butanovl1-3-rfi?or.sr)-l-hvdroxvethvn-5.6,7,R- 
tetrahvdroiimdazori.2-a1p vrazine-2-carboxvlic acid, trifluoroacetic acid salt 
5 and 7-r(3JgV3-Amino-4 -(2.4.5-trifluorophenvnhutanovn-3-r(5 or /g'>-l-hvdroxvethvn-5.6.7.R- 
tBtrahvdiDimidazori.2-fl1p vrazine-2-carboxvlic acid, trifluoroacetic acid salt 

A- Etfavl3-bix)mo-7-rtert-hutoxvcarbo nvl%5.6.7.8-tetrahvdroiimdazori.2-alpvrazine- 
2-carboxvlate 

10 To a chloiofoim solution (250 mL) of ethyl 7-(terr-butoxycarbonyl)-5,6,7,8- 

tetrahydroiimdazo[l,2-a]pyrazine-2-carboxylate fix)m Example 10, Step A (18.4 g, 94 mmol), 
bromine (45 g, 281 mmol) was added, and the mixture was stirred at room temperature for an 
hour. An aqueous solution of sodium bisulfite was then added and the product was extracted 
with two 100-mL portions of dichloromethane. The combined organic extracts ware washed 

15 sequentially with sodium bicarbonate and brine, then dried over sodium sulfate and concentrated 
in vacuo. The crude material was purified by flash chromatography (silica gel, gradient elution, 
50% ethyl acetate/hexane to 100% ethyl acetate) to give the title compound. 

^tepB: E t hyl 7-(terf-butoxvcarbonvlV3-a-ethoxwinvlVS.6.7.8-tetrahvdrQimidazori.2- 

20 alpvrazine-2-carboxvlate 

The bromide ftom Step A (8.0 g, 21 mmol), tributyl(l-ethoxyvinyl)tin (8.7 mL, 
26 nomol), tris(dibenzyIideneacetone)dipalladium (0.98 g, 1.1 mmol) and tri-2-furylphosphine 
(0.99 g, 4.3 mmol) weare stirred in dioxane (200 ml) under nitrogen at 1 10 °C for 6 h. After 
cooling to room temperature, 200 mL of an aqueous solution of potassium fluoride (3.0 g) was 
25 added and the resulting mixture was extracted with three 200-mL portions of ethyl acetate. The 
combined organic extracts were washed sequentially with water and brine, then dried over 
sodium sulfate, filtered, and concentrated. The crude material was purified by flash 
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chromatography (silica gel, 50% ethyl acetate/hexane to 100% ethyl acetate) to obtain the title 
compound. 

Step C: Ethvl3-acetvl-7-fterf-butoxvcarbonvlV5,6,7.8-tetrahvdroimidazori>2-fl1pw 
5 2-carboxylate 

To the enol ether from Step B (5.78 g, 15.8 mmol) in 200 mL of a 10:1 mixture of 
THF/water, para-toluenesulfonic acid (300 mg) was added. The reaction mixture was heated at 
50 °C for 2 hours. The reaction mixture was then cooled to room temperature, concentrated in 
vacuo y and treated with 400 mL of ethyl acetate. The organic solution was washed sequentially 
10 with two 400-mL portions of aqueous saturated sodium bicarbonate and one 400-mL portion of 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo to give the title compound 
which was used without further purification. 

Step D: Ethvl 7-(fer^-butoxvcarbonvD-3-a-hvdroxvethvlV5.6.7.8-tetrahvdroiniidazori,2- 

15 alpvrazine-2-carbQxvlate 

The ketone from Step C (5.6 g, 17 mmol) was dissolved in 200 mL of methanol 
and the solution was cooled to 0 *=*C. Sodium borohydride (6.3 g, 166 mmol) was added 
portionwise and the reaction mixture was allowed to stir at room temperature for 1 h. The 
reaction mixture was then concentrated in vacuo and treated with 400 mL of ethyl acetate, 

20 washed once with brine (400 mL), dried over sodium sulfate, filtered, and concentrated. 

Purification by flash chromatography on a Biotage® system (silica gel, gradient elution, 70 % 
ethyl acetate/hexane to 100 % ethyl acetate) afforded the title compovmd as a racemic mixture. 
The racemate was resolved by chiral HPLC (ChiralCel OD (4.6 x 250 mm) 10 tnicron column, 
15% ethanol/hexane) to give the two enantiomers. 

25 

StepE : 7-(tgyt-ButoxvcarbonvD-3-rf j? or 5Vl-hvdroxvethvlV5,6.7.8- 

tetrahvdroimidazor 1 ,2-a1pvrazine-2-carbox vlic acid 

The faster eluting enantiomer (Enantiomer A) from Step D (223 mg, 0.65 mmol) 
in 15 mL of a 3:1:1 mixture of tetrahydrofuran:methanol:lAr aqueous lithium hydroxide solution 
30 was stirred at ambient temperature for 4 h. The THF was evaporated under reduced pressure. 
The reaction mixture acidified with 5% hydrochloric acid, then extracted with ethyl acetate (3 x 
30 mL). The combined organic phases were washed with brine, dried over magnesium sulfate 
and concentrated in vacuo. Purification by HPLC (YMC Pto-C18 column, gradient elution, 10- 
90% acetonitrile/water with 0.1% TEA) afforded the title compound. 
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The same procedure was used to obtain the acid of the slower elating enantiomer 
(Bnantiomer B) from Step D. 

StepF : 6-f/gyt-Buto xvcarbonvlVl--methvl-S,6.7.8>-tetrahvdrofuror3\4':4.51^ 
5 a1pyrazin-3(lfl^-one, trifluoroacetic acid salt 

Enantiomer A from Step E (173 mg, 0,56 mmol) in 2 mL of acetonitrile with 
triethylamine (0.6 mL, 4 mmol) was added dropwise over 5 min to iV-methyl chloropyridinium 
iodide (568 mg, 2.22 mmol) in 8 mL of refluxing acetonitrile. The reaction mixture was then 
cooled to room temperature, 50 mL of dichloromethane was added, and the organic solution was 
10 washed sequentially with 50 mL of water and 50 mL of brine, dried over sodium sulfate and 

concentrated in vacuo. Purification by HPLC (YMC Pro-C18 colunm, gradient elution, 10-90% 
acetonitrile/water with 0.1% TFA) afforded the title compound. 

The same procedure was used to obtain the lactone of Enantiomer B. 

15 Step G: 7-r(3jgV3-rftert-ButoxvcarbonvDaminoV4-(2.4,5-trifluorophenvnbutanovlV3-r(Jg 
or 5^"l-hvdroxvethvl1-5,6,7.8-tetrahvdroiniidazorL2-a1pvrazine-2-ca^^ acid 
Enantiomer A from Step F was treated with 8 mL of 4iV hydrogen chloride 
solution in dioxane. The resultant mixture was stirred at ambient temperarture for 2 h then 
concentrated in vacuo to give the crude HCl salt. 

20 To a solution of HCl salt of isomer A (72,5 mg, 0.25 mmol), (3i?)-3-[(ferf" 

butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (85 mg, 0.25 mmol. Intermediate 
3), and iV,iV-diisopropylethylamine (0.09 mL, 0.50 nmxol) in 3 mL of dichloromethane was added 
HOAT (34 mg, 0.25 nrniol) and HATU (95 mg, 0.25 mmol). The resulting mixture was stirred 
at ambient temperature for 12 h. The reaction mixture was filtered though a plug of PSA resin 

25 (200 mg of resin; Varian MEGA BOND ELUT PSA) and the resin washed with 7 mL of a 10% 
methanol/dichloromethane solution. The filtrate was concentrated in vacuo. Purification by 
HPLC (YMC Pro-CIS colunm, gradient elution, 10-90% acetonitrile/water with 0.1% TFA) gave 
the title compound. 

The same procedure was used to obtain 7-[(32?)-3-[(tert-butoxycarbonyl)amino]- 
30 4-(2,4,5-trifluorophenyl)butanoyl]-3-[(5 or /?)-l-hydroxyethyl]-5,6,7,8-tetrahydroimidazo[l ,2- 
^2]pyrazine-2-carboxylic acid from Enantiomer B of Step F (Diastereoisomer B). 
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StepH: 7-rf3/gV3-Amino-4-f2.4. 5-trifiuorophenvnbutanovn-3-rfj?nr.V)-l-hvdroxvethyn- 
S.6.7.8-tetrahvdrmmiriag:nf 1 ,2-a1Pvrazin e-2-carboxv]ic acid, trifluoroacetic acid 
salt 

To a solution of 7-[(3i?)-3-[(tert-butoxycarbonyl)a3iiino]-4-(2,4,5- 
5 trifluorophenyl)butanoyl]-3-[(R or S)-l-hydroxyethyl]-5,6,7,8-tetrahydroimidazo[l,2-a]pyrazine- 
2-carboxylic acid (68 mg. 0. 13 mmol) in 1 mL of dicMoromethane was added 1 mL of 
trifluoroacetic acid. The reaction mixture was stirred at ambient temperature for 30 min, then 
concentrated in vacuo. Purification by HPLC (YMC Pro-C18 colunm, gradient elution, 10-90% 
acetonitrile/water with 0.1% TFA) afforded the title compound as a white foam. MS 427.1 
10 (M+1). 

The same procedure was used to obtain 7-[(3i?)-3-amino-4-(2,4,5- 

trifluorophenyl)butanoyl]-3-[(5or/?)-l.hydroxyethyl]-5,6,7,8-tetrahydroimidazo[l,2-a]pyrazine- 
2-carboxylic acid, trifluoroacetic acid salt from Diastereoisomer B of Step G. 

EXAMPLE 12 




7-r(3je)- 3-Amino-4-(2,4,5-trifluorophenvnbutanovn-3-fluoro-2-trifluoromethvl-5.6.7.R- 
tetrahvHrftimida'7 ori^-a1pvTazine.dihvdrochloride 

Step A: 3-Fluoro-2-(trifluoromethvDimidazor 1 .2-a1p vra7.ine 

To a solution of 1 .00 g (10.5 mmol) of 2-aminopyrazine in 20 mL of toluene at - 
78 °C was added 200 mg of activated molecular sieves. The mixture was aerated with gaseous 
hexafluQToacetone for 3 min, then sealed and warmed to ambient temperature for 16 h. The 
reaction vessel was unsealed and aerated with nitrogen for 3 min. The resulting solution was 
filtered and concentrated in vacuo at ambient temperature. The residue was dissolved in 40 mL 
25 of xylenes, treated with a solution of 1.99 g (10.5 mmol) of tinQI) choride in 20 mL of 

tetrahydrofuran, and heated to 120 "C for 33 h. The mixture was cooled to ambient temperature 
and concentrated to minimum volume in vacuo. The resulting slurry was suspended in 30 mL of 
ethanol, and to this mixture was added a solution of 3.00 g (52.0 mmol) of potassium fluoride. 
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Ajfter 30 min at ambient temperature, the mixture was diluted with diethyl ether and washed 
sequentially with saturated aqueous sodium bicarbonate and brine. The organic layer was dried 
over magnesium sulfate and concentrated in vacuo at ambient temperature to 5 mL total volume, 
•niis residue was purified by flash chromatography (silica gel, 40-65% gradient diethyl ether in 
5 hexanes) to afford the title compound. LCZMS 206 (M+1). 

StepB: 3-Pluoro-2-f trifluoromethvn-5.6.7.8-tetrahvdroimidazori.2-fl1p vra7iTift 

To a solution of 92.4 mg (0.451 mmol) of 3-fluoro-2- 
(trifluoromethyl)imidazo[l ,2-a]pyrazine in 2 mL of DMF was added 142 mg (2.25 mmol) of 

10 sodium cyanoborohydride, and 0.20 mL of acetic acid. The mixture was heated to 70 °C for 1 h, 
then cooled to ambient temperature. The solution was diluted with 50 mL of IN aqueous 
hydrochloric acid and extracted with ethyl acetate. The aqueous layer was then brought to pH 
8.5 with saturated aqueous sodium bicarbonate solution and treated to saturation with solid 
sodium chloride. This mixture was extracted with ethyl acetate, and the organic layer was dried 

15 over magnesium sulfate and concentrated in vacuo, affording the title compound. LC/MS 210.0 
(M+1). 

Stq)C: 7-r(3jg)-3-rfteyt-ButoxvcarhonvnaTnl no1-4-f2.4.5-trifluorophenvDbutanovn-3- 
fluoro-2-tri fluoromethvl-S.6.7.8-tet rahvdmimi dazori.2-fl1p vra7.iTift 

20 To a solution of 54.7 mg (0.262 mmol) of 3-fluoro-2-(trifluoromethyl)-5,6,7,8- 

teti:ahydroimidazo[l,2-a]pyrazine in 2.0 mL of DMF was added 95.9 mg (0.288 mmol) of (3iJ)- 
3-[(tert-butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3), followed 
by 0.233 mL (1.31 mmol) of JV.iV-diisopropylethylamine, 39.2 mg (0.288 mmol) of l-hydroxy-7- 
azabenzotriazole (HOAT), and 109 mg (0.288 mmol) of HATU reagent. After 1 h at ambient 

25 temperature, the reaction was diluted with 0.5M aqueous sodium bicarbonate solution and 

extiracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium 
sulfate, and concentrated in vacuo. Purification by flash chromatography (silica gel, 40-55% 
ethyl acetate in hexanes) afforded the titie compound. LC/MS 547 (M+Na). 

30 Step D: 7-rf3/g)-3- Amino-4-(2.4.5-trifluorophenvnbutanovn-3-fluoro-2-trifluoromethvl- 
5.6.7.8-tetr ahvdroinudazori .2-a1pvrazine. dihvdrochloride 
To a solution of 82.0 mg (0.156 mmol) of 7-[(3i?)-3-[(te«- 

butoxycarbonyl)amino]-4-(2,4,5-tiifluorophenyl)butanoyl]-3-fluoro-2-trifluoromethyI-5,6,7,8- 
tetrahydroimidazo[l,2-a]pyrazine in 1.8 mL of dichloromethane was added 0.2 mL of 
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trifluoroacetic acid After 2 h at ambient temperature the reaction was concentrated in vacuo. 
The residue was suspended in 10 mL of diethyl ether and treated with 0.5 mL of liV hydrogen 
chloride in diethyl ether. The resulting suspension was concentrated in vacuo, affording the title 
compound. LCTMS 425 (M+1). 



EXAMP1JB1?> 




7-r(3j;)-3-Amino-4-r2.5-difluorop hftn vnbutanovT1- 9, -(trifluoromethvlV3-vinvl-5f; . 7 , «- 
tetrahvdrniinidazori .2- alDvrazine. hvdrochloridft 

^^P^- 2-(Trifluoromethvn-5.6.7.S -tetrahvdmiTTudazori.2-flWfl7inP. 

The title compound was prepared from 2-aminopyrazine using a procedure 
analogous to fliat of Example 1, Steps A and B. 

^^P^- 7-(ferr-ButoxvcarbonvlV2-(trifluoromethv1 ) -5.6.7.8-tetrahvdroimida7.ori 9- 

alpvrazine 

To a solution of 1.0 g (5.23 mmol) 2-(trifluoromethyl)-5,6,7.8- 
tetrahydroimidazo[1.2-a]pyrazine (Step A) in 50 mL of dichloromethane at 0 °C was added N.N- 
diisopropylethylamine (0.910 mL, 5.23 mmol) and di-te/t-butyl dicarbonate (1.14 g, 5.24 mmol). 
After the reaction was stirred at 0 °C for 5 min, the reaction was warmed to ambient temperature 
and continued to stir for 4 h. The reaction mixture was partitioned between ethyl acetate and 
0.5iV hydrochloric acid. The aqueous phase was extracted with three potions of ethyl acetate. 
The combined organic layers were washed with brine, dried over magnesium sulfate, and 
concentrated. The residue was purified by flash chromatography using a Biotage® system (silica 
gel, 50% ethyl acetate in hexanes then 100% ethyl acetate) to give the title compound as a solid 
LC/MS 236 (M+1-56). 
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^^P^' 3-Bromo-7-fterr-butoyvnarh onvn-2-ftrifliiniomethY l )-^ ,<^7,g- 
tetrahvdroimirtfly Qri.2-/z1pY ra7inft 

To a solution of 1.65 g (5.67 mmol) of 7-(rm-butoxycarbonyl)-2- 
(trifluoromethyl)-5,6 J.8-teliahydroimida2o[1.2-a]pytazine (Step B) in 100 mL of chlorofonn at 
0 °C was added neat bromine slowly, and the reaction was stirred at 0 for 0 5 h After the 
reaction was warmed to ambient temperature and stirred for 1 h, the mixture was quenched with 
saturated aqueous sodium bicarbonate solution. The aqueous phase was extracted with three 
potions of ethyl acetate. The combined organics were washed with brine, dried over magnesium 
sulfate, and concentrated. The residue was purified by flash chromatography on a Biotage 
system® (siHca gel, 10% ethyl acetate in hexanes then 20% ethyl acetate in hexanes) to provide 
the title compound as a solid. 



^*^P^' 7-(terr-Butoxvcarbonvn-9-( trifluoromftthYD-3-vinvl-Sfi , 7«- 
tetrahvdiT>imiHa7 ofl.2-a1pY rfl7inft 

To a solution of 400 mg (1.08 mmol) of 3-bromo-7-(rerf-butoxycarbonyl)-2- 
(tnfluoiometiiyl).5,6.7.8-tetrahydroimidazo[i,2-«]pyrazine (Step C) and 686 mg (2.16 mmol) of 
tributyl(vmyl)tin in 25 mL of toluene was added 20 mg of 

dichlorobis(tiiphenylphosphine)palladium(ID. After the reaction was heated at reflux 
temperature for 2 h, the mixture was cooled to ambient temperature and partitioned between 
dichloromethane and water. The aqueous phase was extracted witii three portions of 
dichloromethane. The combined organic layers were washed with brine, dried over magnesium 
sulfate, and concentirated. The residue was purified by preparative TLC (silica gel. 25% ethyl 
acetate m hexanes) to give tfie title compound as a soUd. 

2-(TrifluoromethYl)-3-vinY]-5 6 7 8-tetrahvdrn^rr,^H. . ,ori.2-^lnvr^.in.. 

To 40.0 mg of 7-(?e/t-butoxycarbonyl)-2-(trifluoromethyl)-3-vinyI-5 6 7 8- 
tetrahydroimidazo[1.2-a]pyrazine (Step D) was added 1 mL of saturated methanolic hydrogen 
chlonde. The reaction was stirred at ambient temperature for 1 h and concentrated to give 23.0 
mg of the tide compound as a viscous oil. 

■ 7-r(3jg)-3-r(f^rf-Butoxvcaii>onv1^amino1-4-r?.S-difiu oronheT,vT^hnt.n»Yi1-->- 
(tiifluoromethvn-3-vinv1-5,6 7 ,«- tetrahvdrnimid;>7ori.2-^1p vr«.in. 
The tide compound was prepared from 2-(trifluorometfiyl)-3-vinyl-5 6 7 8- 
tetrahydroimida2o[1.2-a]pyrazine (Step E) and (3i?)-3-[(tert-butoxycarbonyl)aminoi-4-(2.5- 
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difluorophenyl)butanoic acid (bitermediate 1) using a procedure analogous to that of Example 1, 
StepC. LCMS 515 (M+1). 

Step G: 7-rG/eV3-Aimno-4-f2,5"difluorophenvDbutanovlV2-ftrifluoroniethv^ 
5 5,6,7,8-tetrahvdroimidazori.2"fllpvrazine. hydrochloride 

To 13.0 mg (0.0253 mmol) of 7-[(31{)-3-[(terr-butoxycarbonyl)aniino]"4-(2,5- 
difluorophenyl)butanoyl]-2-(trifluoromethyl)-3-vinyl-5,6,73-tetrahydroinudazo[l,^^^ 
(Step F) was added 1 mL of saturated methanolic hydrogen chloride. The reaction was stirred at 
ambient temperature for 1 h and concentrated to give the title compound as a solid. LC/MS 415 
10 (M+1). 

EXAMPLE 14 




r7-r(3JgV3- ATriiTin>4- f24,5-trifluorophenynbutanovl1"5.6,7,8-tetralivdroipii^^ 
15 yllfcyclopropvDmethanone. bis-trifluoroacetic acid salt 

Step A: 7-(^gyt-Butoxycarbonvl)-2-rrmethoxv(methvDamino1carbonyn-5,6,7.8- 
tetrah vdroimidazo F 1 .2-a1p yrazine 

To a solution of 3.40 g (11.5 mmol) of ethyl 7-(fert-butoxycarbonyl)-5 ,6,7,8- 
20 tetrahydroimidazo[l,2-a]pyrazine-2-carboxylate (Example 10, Step 1) in 60 mL of 

dichloromethane was added 8.64 mL (17.3 mmol) of 2// methoxy(methyl)amine, and then 1.35 g 
(13.8 mmol) of trimethylaluminum was added over 15 min. The reaction was stirred at ambient 
temperature for 14 h. The reaction was quenched slowly with water, the mixture was extracted 
with three portions of dichloromethane, and the combined organic layers were washed 
25 sequentially with IN hydrochloric acid, saturated aqueous sodium bicarbonate solution and brine. 
The organic layer was dried over magnesium sulfate, and concentrated. The residue was purified 
by flash chromatography on a Biotage® system (silica gel, 100% ethyl acetate then 10% 
methanol in ethyl acetate) to give the title compound as a solid. 
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Step B: 7-ffeyt--ButoxvcarbonvlV2-(cvcloprQ pvlcarbonvlV5.6.7.8-teti^ vdrn^ p.^ 

alpyrazine 

To a solution of 131 g (0.42 mmol) of 7-(rerr-butoxycarbonyl)-2- 
[[methoxy(methyl)amino]carbonyl]-5,6 J,8-tetrahydroim^ (Step A) in 6 mL 

of tetrahydrofuran (TEiF) at -40 was added 1.6 ml of 0.79M cyclopropylmagnesium bromide 
in THF dropwise. After the reaction was stirred at -40 °C for 40 min, the reaction mixture was 
quenched with 1.5 mL of cold 0.5iV hydrochloric acid. The mixture was partitioned between 
ethyl acetate and water. The aqueous phase was extracted with three portions of ethyl acetate. 
The combined organic layers were washed with brine, dried over magnesium sulfate, and 
concentrated in vacuo. The residue was purified by preparative TLC (silica gel, 10% methanol in 
ethyl acetate ) to give the title compound as a viscous oil. LC/MS 292 (M+1). 

Step C: Cvclopropv l (5.6.7.8-tetrahvdroimidazori,2-fl1pvrazin-2-vDmethanone 

The title compound was prepared from 7-(r€rt-butoxycarbonyl)-2- 
(cyclopropylcarbonyl)-5,6,7,8-tetrahydroimidazo[l,2-a]pyrazine (Step B) using a procedure 
analogous to that of Example 13, Step E. 

Step D: r7-rG/gV3- r(ferr--Butoxvcarbonvnamino14-(24,5-trifluorophenvnbutan^ 
5,6J,8-tetrahvd roimidazor i,2>-/z1pyra7H n--2-vllfcvclopropvl)methanone 
The title compound was prepared from cyclopropyl (5,6,7,8- 

tetrahydroimidazo[l,2-a]pyrazin-2-yl)methanone (Step C) and (3jR)-3-[(rerf- . 

butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3) using a procedure 

analogous to that of Example 1, Step C. LC/MS 507 (M+l). 

Step E: r74(3j?V3-Amino-4^f2.4,5-trifluorophenvnbutanovl1-5,6,7.8-> 

tetrahvdroimidazori.2--a1pvra zin-2-vll(cvclopropvnmethanone, bis-trifluoroacetic 
acid salt 

The title compound was prepared from [7-[(3i?)-3-[(f^rf-butoxycarbonyl)amino]- 
4-(2,4,5-trifluorophenyl)butanoyl]-5,6,7,8-tetrahydroimidazo[l,2--a]pyrazin-2- 
yl](cyclopropyl)methanone (Step D) using a procedure analogous to that of Example 1, Step D. 
LC/MS 407 (M+1). 
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EXAMPLE 15 




OMe 



7-rG/gV3-Aimno-4-(2.4.5-trifluorophenvnbutanovn-3-metfaoxv-5.6.7.8- 
tetrahvdrDri.2.41triazolor4.3-a1pvra2ine 

5 

Step A: ri.2.41Triazolor4.3-a1p vrazine 

A solution of 15.0 g (136 mmol) of 2-hydrazinopyrazine in 100 mL of trimethyl 
orthofonnate was heated to reflux at 100 °C for 1.5 h. The solvent was removed in vacuo and 
the crude product was applied to a pad of silica gel and eluted with 15:85 methanolrethyl acetate. 
10 The resulting solution was concentrated in vacuo to yield the title compound. LC/MS 121.0 
(M+1). 

StepB: 5.6.7.8-Tetrahvdrori.2.41triazolor4.3-g1pvrazine 

To a flask containing 9.15 g (76.2 mmol) of [l,2,4]tiiazolo[4,3-a]pyrazine was 
15 added 1.80 g of 10% palladium-on-carbon and the system was thoroughly degassed. To this was 
added 400 mL of methanol and the system was then evacuated and pui^ged with hydrogen (1 atm) 
tiiree times and then stirred under a positive hydrogen atmosphere at ambient temperature for 1 d. 
The crude reaction mixture was filtered through a pad of Celite and the filtrate was concentrated 
in vacuo to jrield the title compound LC/MS 125.0 (M+1). 

20 

Step C: 7-fterr-But oxvcarbonvD-5.6.7.8-tetrahvdrori.2,41triazolor4.3-a1Pvrazine 

To a solution of 9.70 g (76.2 mmol) of 5,6,7,8-tetrahydro[l,2,4]triazolo[4,3- 
a]pyrazine in 250 mL of dichloromethane was added sequentially 11.8 g (91.4 mmol) of N,N- 
diisopropylethylamine and 18.3 g (83.8 mmol) of di-ferr-butyl dicarbonate. The reaction was 
25 stirred at ambient temperature for 2 h. The reaction mixture was then washed sequentially with 
saturated aqueous sodium bicarbonate solution and brine, dried over magnesium sulfate, and 
concentrated in vacuo. The residue was azeotroped with hexanes and the resultant solid 
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triturated with a noixture of hexanes/ethyl acetate (95:5) to afford the title compound. LC/MS 
225.1 (M+1). 

StepD: 3-Biomo-7-(teyt-butQxvcarbonvD-5.6.7 .8-tetrahvdrori.2.41triazolor4.-^-fl1p yra7:iTiR 
5 To a solution of 9.01 g (40.0 mmol) of 7-(tert-butoxycarbonyl)-5,6,7,8- 

tetrahydro[l,2,4]triazolo[4,3-a]pyrazine in 150 mL chloroform was added 6.72 g (80.0 mmol) of 
sodium bicarbonate. The system was cooled to 0 "C and 7.11 g (40.0 mmol) of A^- 
bromosuccinimide was added. The reaction was stirred at 0 °C for 15 min and at ambient 
temperature for 16 h. The reaction was diluted with dichloromethane and washed sequentially 
10 with saturated aqueous sodium bicarbonate solution and brine, dried over magnesium sulfate, 
and concentrated in vacuo. The crude product was purified by flash chromatography on a 
Biotage® system (siUca gel, 4% methanol/ethyl acetate) to yield the title compound. LCTMS 
303.0 and 305.0 (M+1). 

15 StepE: 7-(te?t-Butoxvcarbonvn -3-methoxv-5.6.7.8-tetrahvdrori.2.41triazolor4.3- 
fllpvrazine 

To a solution of 0.173 g (0.571 mmol) of 3-bromo-7-(te/t-butoxycarbonyl)- 
5,6,7,8-tetrahydro[l,2,4]triazolo[4,3-a]pyrazine in 6 mL of methanol was added 0.39 mL of 25% 
w/w solution of sodium metiioxide in methanol. The reaction was heated at 65 °C for 1 d. The 
20 reaction was diluted with ethyl acetate and washed sequentially with saturated aqueous sodium 
bicarbonate solution and brine, dried over magnesium sulfate, and concentrated in vacuo. The 
cmde product was purified by flash chromatography on a Biotage® system (silica gel, 5% 
methanol/ethyl acetate) to yield the title compound. LC/MS 255.1 (M+1). 

25 StepF: 3-Methoxv-5.6.7.8-tetrahv drori.2.41triazolor4.3-a1pvra2ine. trifluoroacetic acid 

salt 

A solution of 1:9 TFA/dichloromethane was added to 0.069 g (0.271 mmol) of 7- 
(/err-butoxycarbonyl)-3-methoxy-5,6,7,8-tetrahydro[l,2,4]triazolo[4,3-a]pyrazine atO °C and the 
reaction was stirred at 0 °C for 60 min and then at ambient temperature for 3 h. The reaction 
30 mixture was concentrated in vacuo to give the title compound. LC/MS 155.0 (M+1). 

StepG: 7-r(3iR)-3-r(tert-Butoxv carbonvnaTnino1-4-(2.4.5-trifluorophenvnbutanov11-3- 
methoxv-5.6.7. 8-tetrahvdrorL2.41triazolor4.3-alpvrazine 



-80- 



wo 2004/058266 PCT/US2003/040114 



To a solution of 0.0727 g (0.271 mmol) of 3-methoxy-5,6,7,8- 
tetrahydro[l,2,4]triazolo[4,3-a]pyrazine, trifluoroacetic acid salt in 3 mL of dimethylfoimamide 
was added MJV-diisopropylethylamine until the pH of the reaction mixture was 9. This was 
followed by the sequential addition of 0.0902 g (0.271 mmol) of 3(2?)-3-[(tert- 
5 butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Ihtennediate 3). 0.0370 g (0.271 
mmol) of HOAT and 0.100 g (0.271 mmol) of HATU, and the reaction was stined at ambient 
temperature for 16 h. The reaction mixture was then diluted with ethyl acetate and washed 
sequentially with saturated aqueous sodium bicarbonate solution, 0.5A^ aqueous sodium 
bicarbonate solution, and brine, dried over magnesium sulfate and concentrated in vacuo. The 
10 crude product was purified by flash chromatography on a Biotage® system (siHca gel, 15% 
methanol/ethyl acetate) to yield the title compound. LC/MS 470.1 (M+1). 

SteEHl 7-r(3j?)-3-Amino-4-f2.4.5 -trifluorophenvl'>butanovn-3-methoxv-S,fi7 , R- 
tetrahvdrori.2. 41triazolor4.3-alDvrazme 
15 1 :9 TFA/dichloromethane (3 mL) was added to 0.0640 g (0. 136 mmol) of 7- 

[(3i?)-3-[(tert-butoxycarbonyl)amino]-4-(2.4,5-trifluorophenyl)butanoyl]-3-methoxy-5,6.7,8- 
tetrahydio[l,2,4]triazolo[4,3-a]pyrazine at 0 °C. The reaction was stirred at 0 °C for 15 nrin and 
at ambient temperature for 2.5 h. The reaction mixture was then diluted with ethyl acetate and 
washed sequentially with saturated aqueous sodium bicarbonate solution and biine, dried over 
20 magnesium sulfate, and concentrated in vacuo to afford the title compound. LC/MS 370 1 
(M+1). 



EXAMPLE 16 




^5 7-r(3j?)-3-Amino-4-f2. 4.5-trifluorQphenvnbutanovn-3-fTnftthvlthio'>-5.6.7.8- 
tetrahvdron -2,41tri azolor4.3-fl1p vra7.iTift 
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7-(terf-ButoxYcari?onvl)-3-(Tnp.thvlthioV5 fi.7 «-t..tr a hvdrnn 7. , d] tri..^,^^^ a 
alpvrazine 

To a solution of 0.090 g (0.297 mmol) of 3-bromo-7-(rert-butoxycarbonyl)- 
5,6J,8-tetrahydro[1.2,4]tria2olo[4.3-a]pyrazine (Example 15, Step D) in 3 mL of dioxane was 
added 0.0630 g (0.899 mmol) of sodium thiomethoxide, and the reaction mixture was heated at 
100 °C for 1 d. The reaction was diluted with dichloromethane and washed sequentiaUy with 
saturated aqueous sodium bicarbonate solution and brine, dried over magnesium sulfate, and 
concentrated in vacuo to afford the titie compound. LC/MS 271.1 (M+1). 

^^^^ 7-r(3j;)-3-Amino-4-(2,4,5-triflnorophenvnh„f«iiovn- 3-rTT.ethvlfhin^-^A,'7,g_ 
tetrahvdrori.2.41tria7^n1 or4.3-fl1p vra7:inft 

Using 7-(fe/t-butoxycarbonyl)-3-(methylthio)-5,6,7,8- 
tetrahydro[l,2,4]tria2olo[4.3-a]pyrazine from Step A. the title compound was prepared 
essentially following the procedures outUnes in Example 15, Steps E-H. LOMS 386.3 (M+1). 

EXAMPLE 17 




7-r(3jg)-3-Amino-4-(2,4,5-trtflnor ophenvl)htitano vl1-5-mRthYl-^-f * iifluorom^.fhv]> -^fi,^ 
tetrahvdrori .2.41triazolnr4 ^-afovrazinP., hydrochloride. 

^teP A: 2-Hvdrazin o-6-methyIp yraTiTiP. 

To 15 mL of hydrazine hydrate at ambient temperature was added dropwise 2 9 g 
of 2-chloro-6-methylpyrazine. The resultant mixture was placed in a pre-heated oil bath at -50 
°C and then heated to -100 °C over 30 min. The mixture was allowed to cool to ambient 
temperature, and was then cooled in a refrigerator for 1 h. A portion of hydrazine hydrate was 
added to the soUdified mixture, and the solid was collected by filtration. The filtrate was cooled 
m a refrigerator for 2 h, and a second crop was collected. The crops wei« combined and used 
without further purification. MS 124.9 (M+1). 
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StepB: 5-Methvl>3-(trifluoromethvlV1.2,4-tea2olor4,3-fl1p vra7^ 

To 2.32 g (18.7 mmol) of the product from Step A was added 50 mL of 
trifluoroacetic anhydride fliat had been cooled to 0 °C. The resultant mixture was stirred at 
5 ambient temperature for 1 h and concentrated in vacuo. To the resultant viscous material was 
added approximately 50 mL of polyphosphoric acid and the resxxltant mixture was heated at 120 
°C for 18 h. The mixture was basified with ammonium hydroxide, and extracted with three 
portions of ethyl acetate. The combined organics were washed with brine, dried over magnesium 
sulfate, and concentrated in vacuo. The residue was purified by flash chromatography (silica gel, 
10 eluting sequentially with 50% and 100% ethyl acetate/hexane) to give the title compound. MS 
203 (M+1). 

Step C: 5-Methvl-3 -(trifluoromethvlV5,6,7,8--tetrahvdro-l,2,4->triazolor4.3-^ alpvrazine 

To a solution of 720 mg (3.56 mmol) of the product from Step B in 10 mL of 

15 ethanol and 5 mL of tetrahydrofuran was added 60 mg of 10% palladium on activated carbon and 
the mixture stirred under 1 atmosphere of hydrogen at ambient temperature for 18 h. The 
solution was filtered through Celite and the filtrate concentrated in vacuo. The residue was 
purified by Biotage® flash chromatography (silica gel, elutmg sequentially with ethyl acetate and 
10% methanol/dichloromethane) to give the title compound as a colorless viscous oil. MS 207 

20 (M+1), 

StepD: 7-r(3jgV3-Amino-4-(2.4>5-trifluorophenvnbutanovlV5-methvl-3^ 

(trifluoromethvlV5.6.7. 8-tetrahvdro-l,2.4-triazolor4.3-a1p vraziTie. hydrochloride 
To a solution of 281 mg (1.36 mmol) of the product from Step C and 454 mg 

25 (1.36 mmol) of (3i?)-3-[(l , l-dimethylethoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic 
acid in 2.5 mL of dimethylformamide was added 3 14 mg (1.64 mmol) of EDC. After stiiring at 
ambient temperature for 18 h, the mixture was partitioned between ethyl acetate and aqueous 
sodium bicarbonate solution. The aqueous phase was extracted with three portions of ethyl 
acetate. The combined organics were washed with brine, dried over magnesium sulfate, and 

30 concentrated. The residue was purified by flash chromatography (silica gel, eluting sequentially 
with 50% and 100% ethyl acetate/hexane) to give the iV-BOC-protected compound as a mixture 
of diastereomers. Chiral HPLC separation (ChiralCel OD column, 10% ethanol/hexane) 
provided the individual diastereomers, each of which were treated with methanolic hydrogen 
chloride at ambient temperature for 1 h. Concentration gave the individual diastereomers of the 
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title compound. Faster eluting diastereomen MS 422 (M+1); slower eluting diastereomer- MS 
422 (M+1). 



EXAMPLE 18 

F 




(55,8^- and (5jg.8/gV7-rr3j?V3-ATTiin o -4-f2.4.5-trifluorophenvnbutanovl1-5 R -dimftth 
(trifluoromethvl)-5,6J,8-tetrahvdrori .2.41t riazo1or4.^-/7lpvrazine. hvdmr.hlf.rirtp 

(55,85)- and (5ig.8jgV5.8-DiT nethvl-3-rtrifliioromethvn-.5.fi.7.8-tetrahvdm-1 .7. 4- 
triazolor4.3-a1pvrazine 

The tide compound, as a mixture of cis diastereomers, was prepared from 2- 
chloro-3,6-dimethylpyrazine essentially following the procedures outlined in Example 17, Steps 
A, B and C. MS 221 (M+1). 



Si^- (55,840- and ( 5 i;,8j?)-7-r(3ig)-3-Amino-4-f2.4.^-trifluoror>henvnbutanovn-5.8- 

dimethyl-3-(trifluoromethvn-5.6.7.8-tetra hvdro-1.2.4-triazolor4.3-^1p vra7inP. 
A solution of 1.0 g (4.6 nunol) of the product from Step A, 1.6 g (4.8 mmol) of 
(3/?)-3-[(terf-butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Tnteimediate 3), 740 
mg (5.5 mmol) of HOAT, and 2.1 g (5.5 mmol) of HATU reagent in 20 mL of DMF was stiiied 
at ambient temperature for 72 h and then concentrated in vacuo. The residue was partitioned 
between aqueous sodium bicarbonate solution and ethyl acetate. The aqueous phase was 
extracted with three portions of ethyl acetate. The combined organics were washed with brine, 
dried over magnesium sulfate, and concentrated in vacuo. Purification by flash chromatography 
(siUca gel, gradient elution with 0-10% methanol/dichloromethane) gave impure product, which 
was resubjected to flash chromatography (sihca gel, gradient elution with 5-50% ethyl 
acetate/hexanes) to afford the iV-BOC compound as a mixture of diastereomers. Chiral HPLC 
separation (ChiralCel OD column, 10% ethanol/hexane) provided the individual diastereomers, 
each of which was treated with methanolic hydrogen chloride at ambient temperature for 30 min. 
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Concentration gave the individual diastereomers of the title compound. Faster eluting 
diastereomen MS 436 (M+1); slower eluting diasteieomer: MS 436 (M+1). 

EXAMPLR1Q 




(5S,8R)- and f5;?,8^-7-r(3/?V3-Amino-4-r?. 4 <S-tri f luorophenv1W^novn-^ S->tim.thY l-^- 
(trifluoromethvl)-5,6j,8-letrahvdrori.2.41tria^ n lor43-fl1p vrar,ri e.hvdroch1nriHP. 

7-(teyt-Butoxvcarbonvl)-5-methvl-3-(trifliior o methvn-5,fi7 . 8-tetrahvdm-1 7 , 4- 
triazolor4.3-/2lp vrfl7:iTip. 

To a solution of 1.03 g (5.0 mmol) of 5-methyl-3-(trifluoromethyl)-5,6,7,8- 
tetrahydro-1.2.4-tria2olo[4,3- a]pyrazine from Example 17. Step C in 10 mL of dichi Jromethane 
was added 1.09 g (5.0 mmol) of di-tert-butyldicarbonate. The mixture was stirred at ambient 
temperature for 2 h and concentrated. Purification by flash chromatography (silica gel, 50% 
ethyl acetateAiexane) gave the title compound as a white soUd. MS 307 (M+1). 

7-(teyt-Butoxycart)onvl)-5,8-dimethvl-3-ftriflnn t omethvn--^ 6 7 8-tetrahvrtrn- 
1.2.4-triazolor4.3-/i !lpvrazinR 

To a solution of 1.0 g (3.3 mmol) of the compound from Step A in 14 mL of 
toluene at -78 °C was added 0.55 mL (3.6 mmol) of tetramethylethylenediamine followed by 2.5 
mL (4.0 mmol) of n-butyllithium (1.6M in hexane). The resultant brown colored solution was 
stirred at -78 °C for 10 min and then 0.23 mL (3.6 mmol) of iodomethane was added dropwise 
The mixture was stirred at -78 °C for 10 min, and then the cooling bath was removed. The 
mixture was stirred at ambient temperature for 2 h and then quenched by the addition of aqueous 
anamonium chloride solution. The mixture was extracted with three portions of ethyl acetate. 
The combined organics were washed with brine, dried over magnesium sulfate, and 
concentrated. Purification by preparative TLC (silica gel. 50% ethyl acetate) gave the title 
compound as a mixture of diastereomers. MS 321 (M+1). 
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5,8-Dimethvl-3-ftrifluoromethvlV5 6.7.8-tetn.hvAv.-i .2.4-tri«zoln r.i 
hydrochloride 

To a solution of the product from Step B in 1 mL of methanol was added 1 mL of 
saturated methanolic hydrogen chloride solution. The mixture was stirred at ambient 
temperature for Ih. Concentration gave the title compound. MS 220.9 (M+1). 

^^^^ (5SM)- and (5R.8S)-7-U3RV^-f ert-Bntaxvr.^rhnnv\^rnir.nU.p AK. 

trifluorophenvl)butanovl1-5.8-dimftt h vl-3-ftrifliinn)methvn-;Sfi,7 , «- 
tetrahvdrori.2^41tria 7.oior4.3-fl1p Yra7in^ 

To a solution of 35 mg (0.14 mmol) of product from Step C and 45 mg (0.14 
mmol) of (3/?)-3-[(fert-butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid 
(Intermediate 3) in 1 mL of DMF was added 0.028 mL (0.16 mmol) of N,N- 
diisopropylethylamine, 22 mg (0.16 mmol) of HOAT. and 62 mg (0.16 mmol) of HATU reagent. 
After 18 h at ambient temperature, the reaction mixture was concentrated. The residue was 
partitioned between aqueous sodium bicarbonate solution and ethyl acetate. The aqueous phase 
was extracted with three portions of ethyl acetate. The combined organics were washed with 
bnne. dned over magnesium sulfate, and concentrated in vacuo. Purification by preparative TLC 
(srhca gel, ethyl acetate) afforded the title compomid as a mixture of four diasteieomers. Chiral 
HPLC separation (ChiralCel OD column, 7% ethanol/hexane) provided the individual 
diastereomers, the fastest and slowest eluting of which were the desired trans isomers. Fastest 
elutmg diastereomer: MS 536 (M+1); slowest eluting diastereomer: MS 536 (M+1). 

(5^.8^)- and (5^,8,S)-7 -r(3/?)-3 - Aniino -4-r2.4.5-triflnnr.p henvnhnt«nnvn-^ «- 
dimethvl-3-(trifluoromethvn-5.6.7.8-tetrahvdrnri , 2 .41triazo1nr4 '^-n^p yr.^i^^^ 
hydrochloride 

The individual diastereomers from Step D were treated separately with 
methanoUc hydrogen chloride at ambient temperature for 1 h. Concentration gave the title 
compounds. From fastest eluting diastereomer: MS 436 (M+i); from slowest eluting 
diastereomer MS 436 (M+l). 
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EXAMPLE 20 




•HCI 



74(3i?)-3-Amino-4-(2,4,5-trifluorophenvnhutanovl1-8R-riiTn^th v l-3-ftriflnoi^m 
tetrahvdrori.2.41tria7.n1n r43-fl1p vra7i ne.hvdrnnh1r>r.HA 

^^P^- 3-(Trifluoromethvn-1 4-t riazolor4.3-/7lp Yri»7in^ 

A mixture of 2-hydrazinopyrazine (820 mg, 7.45 mmol), prepared from 2- 
chloropyrazine and hydrazine using a procedure analogous to that described in the Utetature (P J 
Nelson and K.T. Potts. /. Org. Chem. 1962, 27, 3243, except that the crude product was 
extracted into 10%methanoydichloromethane and filtered, and the filtrate was concentrated and 
punfied by flash chromatography on silica gel. eluting with 100% ethyl acetate followed by 10% 
methanol in dichloiomethane). TFA (2.55 g. 22.4 mmol). and polyphosphoric acid (10 mL) was 
heated to 140 "C with stirring for 18 h. The solution was added to ice and neutralized by the 
addition of ammonium hydroxide. The aqueous solution was extracted with ethyl acetate (3X) 
washed with brine, and dried over anhydrous magnesium sulfate. Concentration followed by ' 
flash chromatography (silica gel. 1:1 hexane:ethyl acetate, then 100% ethyl acetate) afforded the 
title compound as a solid. NMR (500 MHz, CDCI3) 8 8.17-8.20 (m. 2H). 9 54 (s IH) 
LC/MS (M+1) 189. 



3-(Trifluoromethvn-5.6.7.8-tPtr« hvdro-1.2.4-fri«zolor4.:^-/7lp vr..i». 

3-(Trifluoromethyl)-l,2,4-triazolo[4,3-a] pyrazine (540 mg, 2.87 mmol. from Step 
A) was hydrogenated under atmospheric hydrogen with 10% Pd/C (200 mg) as a catalyst in 
ethanol (10 mL) at ambient temperature for 18 h. Filtration through Celite followed by 
concentration gave a dark colored oil. Dichloromethane was added to the above oil and the 
insoluble black precipitate was filtered off. Concentration of the filtrate gave the title compound 
as an oil. H NMR (500 MHz. CDCI3) 6 2.21 (br. IH). 3.29 (t, 2H. J = 5.5 Hz). 4.09 (t 2H J = 
5.5 Hz). 4.24 (s. 2H). MS (M+1) 193. ' ' 
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7-fm-Butoxvcarbonvl-^-rtri fluoromethvlV5.6.7.8-tetrahYdro-1.2.4-trifl7nTnr4 , ^- 

alpvrazine 

The product from Step B was converted to the title compound essentiaUy 
following the procedure outlined in Example 19, Step A. 

^^PP- 7-terr-Butoxvcarbonvl-8-iTi ethvl-3-rtrifluon>methv]VSf;.7.8-tetrahvrirn- 1.2.4- 

triazolor43-a1pvrazine 

The product from Step C was alkylated with methyl iodide, essentially following 
the procedure outlined in Example 19, Step B. Purification by flash chromatography (siUca gel, 
eluting sequentially with 20% and 50% ethyl acetateAiexane) gave the tide compound MS 307* 
(M+1). 

^imM 7-ter?-Butoxycarbonvl-8.8-dimethvl-3-rh-ifl uoromethv1 fi , 7 tetrahvdro- 

1 .2.4-triazolor4.3-fl1pvrazine 

The product from Step D was . alkylated a second time witii methyl iodide, 
essentially following the procedure outUned in Example 19, Step B. Purification by Biotage® 
flash chromatography (siUca gel, 20% etiiyl acetate/hexane) gave tiie title compound MS 321 
(M+1). 

8,8-Dimethvl-3-ffaifluomm«th vlV5.6.7.8-tfttrqhvdro-1.2.4-triav-n1nr4 , ct_ 
alpvrazine 

To a solution of 224 mg of the product from Step E in 2 mL of methanol was 
added 2 mL of saturated methanolic hydrogen chloride solution. The mixture was stiixed at 
ambient temperature for 1 h and tiien concentrated. Purification by preparative TLC (silica gel, 
80; 15:1 dichloromethane/metfianoyammonium hydroxide) gave the title compound MS 220 9 
(M+1). 

^^^eGl 7-r(3/?)-3-teyt-Butoxvcarbonvlamino-4- (2.4.5-trifliinrophenvnhntanovll-8.8- 
. dimethYl-3-(taifluoromethvn-5.6.7.8-tetrah v drori.2.41tria^oIor4.3-/2lp vrfl7.in^. 
The titie compound was prepared essentially following the procedure outiined in 

Example 18, Step B, stirring tiie reaction mixtiire for 18 h prior to work-up. Purification by 

preparative TLC (silica gel, ethyl acetate) provided the titie compound. MS 480 (M+l-tBu) 536 
(M+1). 
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^^BM 7-r(3/g)-Amino-4-r2.4,S-trifln oroDhenvnbutonovn-8.8-dim^fhy i-ct_ 

(trifluoroinethvl>-5 6 7,8-tetrahvdron .^^Itria^olnU ^-^ip ^^azine, hvHro.hin.iH. 
A solution of 10 mg of the product from Step G in 0.5 mL of methanol and 0 5 

mL of saturated methanoUc hydrogen chloride was stirred at ambient temperature for 1 h. 

Concentration gave the title compound. MS 436 (M+1). 



EXAMPT.R 21 




Me Me CFg 



7-r(3j?)-3-Amino-4-(2,4,5-triflnoro phenv])h,itanovn -5.5-dtm«thvl-ct-rtrifluom^ A -7 g- 

tetrahvdrori.2.41triay.olnr4 . ^-alpwazinft, hvdrochloririft 

5.5-Dimethyl-3-(trifluoroTnethv1V5 6.7.8-tetr.hvHrn-i r 4-tri«z.n1nr4 ^-^ip^^a..^. 

To a solution of 2.17 g (11.7 mmol) of 2-(chloromethyI)-5-(trifluoiomethyl)- 
1.3,4-oxadiazolein 10 mL of methanol at 0 °C was added 1.23 mL (11.7 mmol) of 2- 
methylpropane-1.2-diamine followed by 2.04 mL (11.7 mmol) of W-diisopropylethylamine 
The reaction mixture was stirred at 0 "C for 30 min and then at ambient temperature for 2 h A 
white precipitate formed. The mixture was filtered. The filtrate was concentrated to give a 
VISCOUS oil, which was dissolved in superphosphoric acid and heated at 1 10 for 18 h After 
cooUng to ambient temperature, the reaction mixture was poured onto ice and made basic by the 
addition of ammonium hydroxide. The mixture was extracted with three portions of ethyl 
acetate. The combined organics were washed with brine, dried over magnesium sulfate and 
concentrated. Purification by Biotage® flash chromatography (silica gel. eluting sequentiaUy 
with 10% methanol/dichloromethane and 80:15:1 dichloromethane:methanol:ammonium 
hydroxide) gave the title compound as a semi-solid. MS 220.9 (M+1). 

?-r(3i?)-3-Aniino- 4-(2,4,5-trifln oroDhenvnhnt^n ovn-5.5-d,methYi-^- 
(trifluoromethyl)-5.6 , 7,8-tet.rahvdron ? 41triazolor4.^-^lp vrazine. hvHrn.hinW^. 
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The product from Step A was coupled to (3/?)-3-[(l,l- 
dimethylethoxycarbonyl)aniino]-4-(2 A5-trifluorophenyl)butanoic acid, essentially following the 
procedure outlined in Exmple 17, Step D. Purification of the N-BOC intermediate by preparative 
TLC (siUca gel, ethyl acetate) followed by deprotection with methanoUc hydrogen chloride gave 
the title compound MS436(M+1). 

Essentially following the procedures outlined for Examples 1-21. the compounds 
listed in Table 2 were prepared. 
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Ex. 








MS 
fM+1^ 


22 


2-F,5-F 


H 


C-(morpholin-4- 
ylcarbonyl) 


434 


23 


2-F,4-F.5-F 


H 


C-(moTpholin-4- 
ylcarbonyl) 


452 


24 


2-F,5-F 


H 


C-CON(tert-Bu) 


420 


25 


2-F,4-F,5-F 


H 


C-CON(tert-Bvi) 


438 


26 


2-F,5-F 


CI 


C-COOEt 


427.1 


27 


2-F,5-F 


CI 


C-COOH 


. 399.1 


28 


2-F,4-F,5-F 


CI 


C-COOH 


417.5 


29 


2-F,5-F 


H 


C-CONH- 


432 
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(tetrazol-5yl) 




30 


2-F 4-F 5-F 


ur 

JjL 


(tetrazol-5vl) 


450 


31 


2-F,4-F,5-F 


OCHMe2 


N 


398.4 


32 


2-F,4-F,5-F 


NHCOCH3 


C-cvcloDronvl 




33 


2-F.4-F,5-F 


lSIHCHMe2 


C-cyclopropyl 


436 


34 


2-F,5-F 


CI 


C^CFs 


423 


35 


2-F3-F 


Br 


C-CF3 


467. 
469 



EXAMPLE OP A PTTA RMACEUTTrAL FORMTn.ATTnM 
As a specific embodiment of an oral phannaceutical composition, a 100 mg 
potency tablet is composed of 100 mg of any of the compounds of the present invention, 268 mg 
microcrystaUine cellulose, 20 mg of croscarmellose sodium, and 4 mg of magnesium stearate. 
The active, microcrystalline cellulose, and croscarmellose are blended first The mixture is then 
lubricated by magnesium stearate and pressed into tablets. 
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15 



While the invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate that various adaptations, 
changes, modifications, substitutions, deletions, or additions of procedures and protocols maybe 
made without departing firom the spirit and scope of the invention. For example, effective 
dosages other than the particular dosages as set forth herein above may be applicable as a 
consequence of variations in responsiveness of the mammal being treated for any of the 
indications with the compounds of the invention indicated above. The specific pharmacological 
responses observed may vary according to and depending upon the particular active compounds 
selected or whether there are present pharmaceutical carriers, as well as the type of fonnulation 
and mode of administration employed, and such expected variations or differences in the results 
are contemplated in accordance with the objects and practices of the present invention. It is 
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intended, therefore, that the invention be defined by the scope of the claims which foUow and 
that such claims be interpreted as broadly as is reasonable. 
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